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(54) Plasma display, driving apparatus of plasma display panel and driving system thereof 



(57) A plasma display panel driving system having a 
common X electrode 22 arranged on a front glass sub- 
strate 21 driven in common, a independent Y electrode 
23 arranged parallel to the common X electrode 22 on 
the front glass substrate 21 driven independently, an 
address A electrode arranged perpendicular to the 
common X electrode and the independent Y electrode 
on the back glass substrate driven independently, and 
means for performing at least one electric discharge for 
equalizing of electric charge particle in a cell in which 
another electric charge particle is caused beforehand, 
thereby improving contrast 

Erasing and polarization of electric charge particles 
are performed by the fine line erasing pulse 46a after 
sustaining period 2c, and a equalizing pulse having a 
high voltage is supplied to the independent Y electrode 
to which the last fine line erasing pulse 46a or 86a is 
supplied, and a regulating pulse 40 is supplied to the 
common X electrode after supplying of the equalizing 
pulse. 

Further, a field bloc having plurality of sub-fields are 
provided, and a full writing electric discharge and a fine 
line erasing electric discharge are performed in the first 
sub-field of each field block for reducing the number of 
electric discharging. 
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Description 

BACKGROUND OF THE INVENTION 

The invention relates to plasma display, driving 
apparatus of plasma display panel and driving system 
thereof for , for example, display apparatus of personal 
computer or workstation, a flat type wall hanging televi- 
sion receiver and a display apparatus for advertising 
and information. This invention is preferably applicable 
to AC type plasma display. 

In plasma display, one field is divided into several 
sub-fields, and each pixel (cell) is given forth light by 
exciting a phosphor by ultraviolet rays that are gener- 
ated by a electric discharge carried out in the cell. The 
cell that emits light is practiced by an address electric 
discharge between two set of electrodes which are pro- 
vided perpendicular to each other on a front side glass 
substrate and a back side glass substrate respectively 
and are capable of driving independently. 

A first prior art relating to a plasma display is dis- 
closed .for example, Japanese Patent Application Laid- 
Open No. 1 994/186927. In the prior art , the condition of 
the electric charge particles in all cells is equalized for 
surely prohibiting lighting for some cells which are not 
intended to emit light and two sets of light emitting dis- 
charges, that is. a full writing electric discharge and a 
full erasing electric discharge in each sub-field are car- 
ried out so as to be able to use low voltage for an 
address electric discharge. Therefore, the contrast is 
deteriorated because light emitting occurs on full panel 
when black is displayed. 

A second prior art is disclosed ,for example. Japa- 
nese Patent Application Laid-Open No. 1995/49663. In 
the prior art, the plurality of the sub-fields having the 
same brightness gradations are arranged to construct a 
sub-field block, and several blocks are provided. In sub- 
field blocks, a preliminary discharge including a full writ- 
ing electric discharge and a fine line erasing electric dis- 
charge is performed in one sub-field, and a writing 
electric discharge and a erasing electric discharge to a 
pixel is carried out one time. Therefore, deterioration of 
a panel is reduced and contrast of a display is improved. 
The second prior art discloses one of the solution to 
improve the contrast, but no prior art is shown to 
improve the contrast in which plural sub-fields having 
different brightness gradations for constructing one sub- 
field block. 

About 3 usee to 4 jisec is needed to write one line 
of plasma panel, and an ordinal television display has 
480 lines. A writing period of a screen is 1 .44 msec if a 
writing period of one line is 3 usee, so that 1.44 
msecx9=1 3 msec is needed for one field. The period of 
one field is 1 6.7 msec. A sustaining period is 16.7 msec 
minus a writing period and preliminary discharge 
period, and this period is not so long enough. Further, if 
a display has 760 lines per a screen like a high definition 
display, or if a display has 8 sub-fields for constructing 



256 gradations, period for writing is not sufficient. 
SUMMARY OF THE INVENTION 

5 It is an object of the present invention to improve 
contrast. 

It is another object of the present invention to 
improve contrast by reducing a full erasing electric dis- 
charge and full writing electric discharge. 

10 It is still another object of the invention to improve 
contrast by reducing preliminary discharge without 
changing the number of sub-fields. 

According to a feature of the present invention, to 
achieve the above object, a plasma display and a 

15 plasma display driving system include a first electrode 
group arranged on a permeable substrate and being 
capable of driving in common, a second electrode group 
arranged in parallel with the first electrode group on the 
permeable substrate and being capable of driving inde- 

20 pendently, a third electrode group arranged perpendicu- 
lar to the first and second electrode groups on the other 
substrate and being capable of driving independently, 
and the plasma panel and the driving system compris- 
ing means for performing at least one electric discharge 

25 for equalizing electric charge particles in a cell in which 
another electric charge particle is caused beforehand. 

According to another feature of the present inven- 
tion, to achieve the above object, a plasma display, and 
a plasma display panel driving system and circuit 

30 include a first electrode group driven in common, a sec- 
ond electrode group driven independently, a third elec- 
trode group for an address electric discharge, means for 
erasing and polarizing electric charge particles by a find 
line erasing pulse after sustaining period and for supply- 

35 ing an equalizing pulse to one of the electrode group of 
the first and second electrode group to which the last 
fine line erasing pulse is supplied and for supplying a 
regulating pulse to the other electrode of the first and 
the second electrode groups after supply of the equaliz- 

40 ing pulse, thereby controlling the electric charge parti- 
cles without full erasing electric discharge and full 
writing electric discharge and improving contrast with- 
out light emitting discharge in case of displaying of Wack 
color. 

45 According to still another feature of the present 
invention, to achieve the above object, a plasma display 
and a plasma display panel driving system and circuit 
include means for constructing a field block from plural- 
ity of sub-fields and for performing a full writing electric 

so discharge and a fine line erasing electric discharge in 
first sub-field of the field block for decreasing number of 
electric discharge, means for gathering positive electric 
charge particles in the vicinity of an address electrode 
by the full writing electric discharge and fine line erasing 

55 electric discharge thereby decreasing a voltage of an 
address pulse, and means for reproducing the condition 
of electric charge particles the same as the condition 
after performing full writing electric discharge and fine 
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line erasing electric discharge are performed by utilizing 
a sustaining electric discharge in a cell in which the 
address electric discharge occurred, thereby reducing 
the voltage of a address electric discharge in the next 
field without the full writing electric discharge and the 5 
fine line electric discharge. In a cell having no address 
electric discharge, the condition of electric charge parti- 
cles after the full writing electric discharge and fine line 
erasing electric discharge are performed is maintained 
during one field, so that it is sufficient to perform one w 
time of the full writing electric discharge and fine line 
electric discharge. 

These and other objects, features and advantages 
of the present invention will become more apparent 
form the following description when taken in conjunction 15 
with the accompanying drawings 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a exploded perspective view illustrating a 20 
plasma display panel of the present invention. 
Fig. 2 is a sectional view of a plasma display panel 
which is illustrated from a direction in accordance 
with an arrow A of Fig. 1 . 

Fig. 3 is a sectional view of a plasma display panel 25 
which is illustrated from a direction in accordance 
with an arrow of Fig. 1 . 

Fig. 4 illustrates electrodes and circuits connected 
to the electrodes of the plasma display panel of Fig. 
1 . * ' 30 
Fig. 5(a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with the first 
embodiment of the present invention. 
Fig. 5(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the first 35 
embodiment of the present invention. 
Fig. 5(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the first 
embodiment of the present invention. 
Fig. 5(d) illustrates a driving wave-form supplied to 40 
a first independent Y electrode in accordance with 
the first embodiment of the present invention. 
Fig. 5(e) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the first embodiment of the present invention. 45 
Fig. 6 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell is illustrated immediately after a power is sup- 
plied and then a equalizing pulse and a protecting 
pulse are supplied. 50 
Fig. 7 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell after performing an address electric discharge 
is illustrated. 

Fig. 8 is a sectional view of a plasma display panel 55 
in which a condition of electric charge particles in a 
cell after supplying a fine line erasing pulse is illus- 
trated. 



Fig. 9 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell after supplying a equalizing pulse in a second 
field is illustrated. 

Fig. 10 is a sectional view of a plasma display pane! 
in which a condition of electric charge particles in a 
cell after supplying a regulating pulse in a second 
field is illustrated 

Fig. 1 1 (a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with the 
present invention. 

Fig. 1 1 (b) illustrates a driving wave-form supplied to 
a colon X electrode in accordance with the second 
embodiment of the present invention. 
Fig. 1 1(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the sec- 
ond embodiment of the present invention. 
Fig. 1 1 (d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the second embodiment of the present invention. 
Fig- 1 1 (©) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the second embodiment of the present inven- 
tion. 

Fig. 12(a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with the 
present invention. 

Fig. 1 2(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the third 
embodiment of the present invention. 
Fig. 12(c)illustrates a driving wave-form supplied to 
an address A electrode in accordance with the third 
embodiment of the present invention. 
Fig. 12(d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the third embodiment of the present invention. 
Fig. 12(e) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the third embodiment of the present invention. 
Fig. 13(a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with the 
invention. 

Fig. 1 3(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the 
fourth embodiment of the present invention. 
Fig. 13(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the 
fourth embodiment of the present invention. 
Fig. 1 3(d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the fourth embodiment of the present invention. 
Fig. 13(e) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the fourth embodiment of the present inven- 
tion. 

Fig. 14(a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with the 
invention. 
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Fig. 1 4(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the fifth 
embodiment of the present invention. 
Fig. 14(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the fifth 5 
embodiment of the present invention. 
Fig. 1 4(d) fllustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the fifth embodiment of the present invention. 
Fig. 1 4(e) illustrates a driving wave-form supplied to 10 
a second independent Y electrode in accordance 
with the fifth embodiment of the present invention. 
Fig. 15(a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with the 
present invention. *s 
Fig. 15(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the sixth 
embodiment of the present invention. 
Fig. 15(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the sixth 20 
embodiment of the present invention. 
Fig. 15(d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the sixth embodiment of the present invention. 
Fig. 1 5(e) illustrates a driving wave-form supplied to 25 
a second independent Y electrode in accordance 
with the sixth embodiment of the present invention. 
Fig. 16(a) is atime chart illustrating an arrangement 
of sub-fields in one field in accordance with the 
invention. 30 
Fig. 16(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the sev- 
enth embodiment of the present invention. 
Fig. 16(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the sev- 35 
enth embodiment of the present invention. 
Fig. 16(d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the seventh embodiment of the present invention. 
Fig. 1 6(e) illustrates a driving wave-form supplied to 40 
a second independent Y electrode in accordance 
with the seventh embodiment of the present inven- 
tion. 

Fig. 1 7(a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with the 45 
present invention. 

Fig. 1 7(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the 
eighth embodiment of the present invention. 
Fig. 1 7(c) illustrates a driving wave-form supplied to so 
an address A electrode in accordance with the 
eighth embodiment of the present invention. 
Fig. 1 7(d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the eight embodiment of the present invention. ss 
Fig. 1 7(e) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the eight embodiment of the present invention. 



Fig. 18(a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with the 
present invention. 

Fig. 18(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the ninth 
embodiment of the present invention. 
Fig. 18(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the ninth 
embodiment of the present invention. 
Fig. 1 8(d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the ninth embodiment of the present invention. 
Fig. 18(e) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the ninth embodiment of the present invention. 
Fig. 19 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell is illustrated immediately after a power is sup- 
plied and then a equalizing pulse and a regulating 
pulse are supplied in accordance with the ninth 
embodiment. 

Fig. 20 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell after performing a address electric discharge is 
illustrated in accordance with ninth embodiment of 
the present invention. 

Fig. 21 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell after supplying a fine line erasing pulse is illus- 
trated in accordance with the ninth embodiment of 
the present invention. 

Fig. 22 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell after supplying a equalizing pulse in a second 
field is illustrated in accordance with the ninth 
embodiment of the present invention. 
Fig. 23 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell after supplying a regulating pulse in a second 
field is illustrated in accordance with the ninth 
embodiment of the present invention. 
Fig. 24(a) is a time chart illustrating an anangement 
of sub-fields in one field in accordance with the 
present invention. 

Fig. 24(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the tenth 
embodiment of the present invention. 
Fig. 24(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the 
tenth embodiment of the present invention. 
Fig. 24(d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the tenth embodiment of the present invention. 
Fig. 24(e) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the tenth embodiment of the present invention. 
Fig. 25(a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with the 
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present invention. 

Fig. 25(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the elev- 
enth embodiment of the present invention. 
Fig. 25(c) illustrates a driving wave-form supplied to s 
an address A electrode in accordance with the elev- 
enth embodiment of the present invention. 
Fig. 25(d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the eleventh embodiment of the present invention. 10 
Fig. 25(e) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the eleventh embodiment of the present inven- 
tion. 

Fig. 26(a) is a time chart illustrating an arrangement 15 
of sub-fields in one field in accordance with the 
present invention. 

Fig. 26(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the 
twelfth embodiment of the present invention. 20 
Fig. 26(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the 
twelfth embodiment of the present invention. 
Fig. 26(d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 25 
the twelfth embodiment of the present invention. 
Fig. 26(e) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the twelfth embodiment of the present inven- 
tion. 30 
Fig. 27(a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with the 
present invention. 

Fig. 27(b) illustrates a driving wave-form supplied to 
a common X electrode in accordance with the thir- 35 
teenth embodiment of the present invention. 
Fig. 27(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the thir- 
teenth embodiment of the present invention. 
Fig. 27(d) illustrates a driving wave-form supplied to 40 
a first independent Y electrode in accordance with 
the thirteenth embodiment of the present invention. 
Fig. 27(e) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the thirteenth embodiment of the present 45 
invention. 

Fig. 28(a) is a time chart illustrating an arrangement 
of sub-fields in one field in accordance with a sec- 
ond embodiment of the present invention. 
Fig. 28(b) illustrates a driving wave-form supplied to so 
a common X electrode in accordance with the four- 
teenth embodiment of the present invention. 
Fig. 28(c) illustrates a driving wave-form supplied to 
an address A electrode in accordance with the four- 
teenth embodiment of the present invention. ss 
Fig. 28(d) illustrates a driving wave-form supplied to 
a first independent Y electrode in accordance with 
the fourteenth embodiment of the present inven- 



tion. 

Fig. 28(e) illustrates a driving wave-form supplied to 
a second independent Y electrode in accordance 
with the fourteenth embodiment of the present 
invention. 

Fig. 28(f) illustrates a driving wave-form supplied to 
a third independent Y electrode in accordance with 
the fourteenth embodiment of the present inven- 
tion. 

Fig. 28(g) illustrates a driving wave-form supplied to 
a fourth independent Y electrode in accordance 
with the fourteenth embodiment of the present 
invention. 

Fig. 29 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell after supplying sustaining pulses is illustrated in 
accordance with a embodiment shewn in Fig. 
28(a)-28(g) of the present invention. 
Fig. 30 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell during discharging by a selection electric dis- 
charge pulse is illustrated in accordance with the 
embodiment shown in Fig. 28(a)-28(g) of the 
present invention. 

Fig. 31 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell during supplying electric charge particles con- 
trol pulse is illustrated in accordance with the 
embodiment shown in Fig. 28(a) -28(g) of the 
present invention. 

Fig. 32 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a 
cell after supplying a fine line erasing pulse is illus- 
trated in accordance with the embodiment shown in 
fig. 28(a)-Fig. 28(g) of the present invention. 
Fig. 33 is a time chart of sub-fields illustrating a 
driving system in accordance with a third embodi- 
ment of the present invention. 
Fig. 34 is a time chart of sub-fields illustrating a 
driving system in accordance with a fourth embodi- 
ment of the present invention. 
Fig. 35 is a time chart of sub-fields illustrating a 
driving system in accordance with a fifth embodi- 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The preferred embodiments of the present inven- 
tion will be described with using drawings hereinafter. 

Fig. 1 illustrates a exploded perspective view of a 
plasma display panel relating to the first embodiment of 
the present invention. 

A transparent common X electrode 22 and a trans- 
parent independent Y electrode 23 are provided under a 
front glass substrate 21 , and a X bus electrode 24 and a 
Y bus electrode 25 are laminated on respective elec- 
trode 21 and 22. A dielectric layer 26 and a protecting 
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layer 27 such as a acid magnesium (MgO) are provided 
on these electrodes 22.23,24 and 25. An address A 
electrode 29 provided on a back glass substrate 28 is 
arranged perpendicular to the common X electrode 22 
and the independent Y electrode 23 on the front glass 
substrate 21 . The address A electrode 29 is covered by 
a dielectric layer 30 and a partition wall 31 arranged par- 
allel to the address A electrode 29 is provided on the 
electrode 29. A phosphor 32 is coated on the partition 
wall 31 and the address A electrode 29. 

Fig. 2 is a sectional view of a plasma display panel 
which is illustrated from a direction in accordance with 
an arrow A of Fig. 1 . The address A electrode 29 is 
arranged in the middle of the two partition walls. A dis- 
charge gas such as a neon gas or a xenon gas is filed 
in a space 33 that is provided between the front glass 
substrate 21 and the back glass substrate 38. 

Fig. 3 is a sectional view of a plasma display pane! 
which is illustrated from a direction in accordance with 
an arrow of Fig. 1. A border of each cell is shown by a 
dotted line, and the common X electrode 22 and the 
independent Y electrode 23 are arranged alternatively. 
In AC type plasma display panel, the electric charge 
particies on the dielectric layer in the vicinity of the com- 
mon X electrode 22 and the independent Y electrode 23 
are divided into positive electric charge particles and 
negative electric charge particles for forming an electric 
field, so that a discharge is performed by using the elec- 
tric field. 

Fig. 4 illustrates electrodes and circuits connected 
to the electrodes of the plasma display panel of Fig. 1. 
The common X electrode 22 is connected to an output 
terminal or several terminals of a X electrode driving cir- 
cuit 35 that generates a driving pulse for supplying to 
the common X electrode 22. Each independent Y elec- 
trode 23 is connected respective output terminals of a Y 
electrode driving circuit 36. Each address A electrode 
29 is connected respective output terminals of a A elec- 
trode driving circuit 37. 

Fig. 5 illustrates a first driving system in accordance 
with a first embodiment of the present invention. Fig.(a) 
is a time chart illustrating an arrangement of sub-fields 
in one field in accordance with the invention. In the fig- 
ure, reference numeral 1 denotes one field, a horizontal 
axis illustrates time and a vertical axis illustrates a line 
of the cell. The one field is divided into eight sub-fields, 
that is, a first sub-field 2 to a eighth sub-field 9. A electric 
charge particle equalizing period 2a-9a, an address 
period 2b-9b and a sustaining period 2c-9c are 
arranged in order in each suMield. Numbers of electric 
discharges are allotted for each sub-field and display 
gradations are determined by the total numbers of the 
discharges. The order for arranging the sub-fields hav- 
ing predetermined numbers of discharges is free, but in 
the embodiment, the sub-fields are arranged in order 
from a sub-field having a fewer numbers of electric dis- 
charge. 

Fig. 5(a)-Fig. 5(e) illustrate wave-forms of pulses 



supplied to the common X electrode, the address A 
electrode, and the first and the second independent Y 
electrode respectively. In the figure, a pulse wave-form 

1 0 illustrates a part of driving wave-form supplied to the 
5 common X electrode 22 in one field. A pulse wave-form 

1 1 illustrates a part of driving wave-form supplied to the 
one of the address A electric rode 29. Pulse wave-forms 

12 and 13 illustrate a parts of driving wave-form sup- 
plied, for example, to a first and a second independent 

10 Y electrodes 23. 

The pulse wave-form 10 which is supplied to the 
common X electrode 22 during first sub-field includes a 
regulating pulse 40 lasting from the electric charge par- 
ticle equalizing period 2a to the address period 2b and 

is the sustaining pulses 41 in the sustaining period 2c. In 
this embodiment, the voltage of the regulating pulse 40 
is lower than the voltage of the sustaining pulses 41 . 
The pulse wave-form 1 1 which is supplied to one of the 
address A electrodes 29 illustrates the address pulse 42 

20 in the address period 2b and the address pulse 42 cor- 
responds to the cell to be emitted light . The address 
pulse 42 is not suppDed when there is no cell to be emit- 
ted. That is, the address pulses 42 are supplied to the 
cells to be emitted, and the address pulse 42 is not sup- 

25 plied to the other cells not to be emitted. The pulse 
wave-forms 12 and 13 which are supplied to the first 
electrode of the independent Y electrodes 23 and adja- 
cent second electrode of the independent Y electrodes 
23 includes a electric charge particle equalizing pulses 

30 43a, 43b,— in the electric charge particle equalizing 
period 2a of the first sub-field, scan pulses 44a, 44b,— 
in the address period 2b, sustaining pulses 45a, 45b,— 
and fine line erasing pulses 46a, 46b,— in the sustain- 
ing period 2c. In the embodiment, the voltage of the 

35 scan pulses 44a, 44b, —is lower than the voltage of the 
sustaining pulses 45a, 45b,—. The fine line erasing 
pulses 46a, 46b,~and the equalizing pulses 43a, 43b,- 
- are supplied to the same electrodes. Further, it is pref- 
erable to select the pulse width of the fine line erasing 

40 pulses 46a, 46b,— between 0.5 jisec-2 usee. 

The movements of the panel is explained hereinaf- 
ter. In Fig. 5, electric discharges in all cells are per- 
formed between the independent Y electrodes 23 and 
the common X electrodes 22 by supplying the equaliz- 
es ing pulses 43a, 43b,— to the independent Y electrodes 
23, and negative electric charge particles are formed on 
the dielectric layer 26 in the vicinity of the independent 
Y electrode 23 during electric charge particle equalizing 
period 2a occurring immediately after the power is sup- 

50 plied to the display. The electric discharge by the equal- 
izing pulses 43a, 43b,— occurs only first one time, and 
the discharge is not occurred after this. That is, the dis- 
charge occurs only one time other than the space 33 of 
the cell becomes abnormal condition. The regulating 

55 pulse 40 is supplied to the common X electrode 22 
within the time between 0.3 nsec-2 ^isec from the rising 
edge of the equalizing pulses 43a, 43b,—. The negative 
electric charge particles are formed in the vicinity of the 
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common X electrode 22, and the positive electric 
charge particles are formed in the vicinity of the address 
A electrode 29. 

The reason the time between the rising edge of the 
equalizing pulses 43a, 43b,— and the rising edge of the s 
regulating pulse 40 is determined as described the 
above is that : too many negative electric charge parti- 
cles are gathered in the vicinity of the independent Y 
electrode 23 and the negative electric charge particles 
gather in the common X electrode 22 when the time io 
between edges of both pulses 43a, 43b, --and 40 is 
selected too long. When the time is too short the nega- 
tive electric charge particles are not gathered on the 
independent Y electrode 23 and also the positive elec- 
tric charge particles are not gathered on the address A 15 
electrode 22. 

The main purpose for supplying the regulating 
pulse 40 is to attract the negative electric charge parti- 
cles toward the common X electrode 22 and to form the 
positive electric charge particles on the address A elec- 20 
trode 29. Another purpose is to assist electric dis- 
charges between the common X electrode 22 and the 
independent Y electrode 23 when the address electric 
discharge is performed between the address A elec- 
trode 29 and the independent Y electrode 23. 25 

The address electric discharges is performed in the 
eel! which is formed at the cross point of the first line of 
the independent Y electrode 23 and one of the address 
A electrode 22 when the scan pulses 44a is supplied to 
the first line of the independent Y electrode 23 and the 30 
address pulse 42 is supplied to one of the address A 
electrode 29 at the same time, as a result, the positive 
electric charge particles are gathered on the independ- 
ent Y electrode 23. On the other hand, no discharge is 
occurred when the address pulse 42 which corresponds 35 
to the scan pulses 44b is not supplied to the second line 
of the independent Y electrode 23, therefore, no electric 
charge particle is gathered on the independent Y elec- 
trode 23. The address pulses 42 are supplied to the 
address A electrodes 29 which correspond to the cell to 40 
be emitted and are selected all the cells at the cross 
points of all address A electrodes 29 and the scan 
pulses 44a or 44b is supplied to the independent Y elec- 
trodes 23, so that the electric discharges are performed 
between the address A electrode 29 and the independ- 4s 
ent Y electrodes 23. 

Next, in the sustaining period 2c, the electric dis- 
charges for light emitting are performed by the sustain- 
ing pulses 41, 45a, 45b,— between the common X 
electrode 22 and the independent Y electrodes 23 in the so 
cell in which the positive electric charge particles are 
gathered on the independent Y electrodes 23 side by 
the electric discharges performed during address 
period 2b. After that, electric discharges occur between 
the independent Y electrodes 23 and the common X 55 
electrode 22 by supplying the fine line erasing pulses 
46a, 46b,— to the independent Y electrodes 23 and the 
electric charge particles in the cells are erased, so that 



the all electric charge particles generated for light emit- 
ting in the cell are erased. The pulse width of the fine 
line erasing pulses 46a, 46b,— -is a little longer than the 
electric discharge continuation time, therefore, the neg- 
ative electric charge particles are gathered on the die- 
lectric layer in the vicinity of the independent Y 
electrodes 23. In the cells in which no electric discharge 
is occurred, the erasing discharges are not performed 
because no electric charge particle is in the cell. There- 
fore, the negative electric charge particles formed in the 
vicinity of the independent Y electrodes 23 are kept 
unchanged. 

In this situation, no electric discharge occurs by 
supplying the equalizing pulses 43a, 43b, — to the inde- 
pendent Y electrodes 23 because the negative electric 
charge particles in the cell negate the voltage of the 
equalizing pulses 43a, 43b, —and sufficient electric 
fields needed for electric discharge are not formed. 
After that, no electric discharge is performed through all 
sub-fields even if the equalizing pulses are supplied. 
Therefore, the electric discharges are not performed 
except the first sub-field immediately after the power on, 
therefore no light emitting occurs in black display. 

Further, for the linearity of display gradations deter- 
mined by the numbers of sustaining pulses, one electric 
discharge have less influence more than two electric 
discharges. According to the present invention, the 
equalization of electric charge particles is effected by 
one electric discharge in the cell in which the sustaining 
electric discharge is performed, therefore, the influence 
to the linearity for display gradations is very small. 

The same driving system is performed during the 
second sub-field 3 to the eighth sub-field 9 and a screen 
of one field is formed. 

Fig. 6-Fig. 1 0 are sectional views of the plasma dis- 
play panel in which the condition of electric charge par- 
ticles in the cell performed sustaining electric discharge 
are illustrated from the first sub-field after the power is 
supplied to the second sub-field until the equalizing 
pulses and the regulating pulse are supplied. In these 
figure, reference numeral 60 denotes a positive electric 
charge particles, reference numeral 61 denotes a nega- 
tive electric charge particles. Further the condition of 
electric charge particles is illustrated in a cell at center 
position of Fig. 6-Fig. 7. 

Fig. 6 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a cell 
is illustrated immediately after a power is supplied and 
then a equalizing pulse and a regulating pulse are sup- 
plied. The figure illustrate the condition of electric 
charge particles in the first sub-field after power is sup- 
plied at first and then the equalizing pulses 43a. 43b are 
supplied to the independent Y electrodes 23 and finally 
the regulating pulse 40 is supplied. The electric dis- 
charges in all cells occur between the common X elec- 
trode 22 and the independent Y electrodes 23 by 
supplying the equalizing pulses 43a, 43b, — to the inde- 
pendent Y electrodes 23, and the negative electric 
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charge particles 61 are gathered on the dielectric layer 
in the vicinity of the independent Y electrodes 23a and 
the common X electrode 22 and the positive electric 
charge particles 60 are gathered on the address A elec- 
trodes 29 side. 

Fig. 7 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a cell 
after performing an address electric discharge is illus- 
trated. In Fig. 7, the condition of electric discharges is 
illustrated after the address pulses 42 is supplied to the 
address A electrodes 29 and address electric dis- 
charges occur between the address A electrode 29 and 
the independent Y electrode 23. The positive electric 
charge particles 60 are gathered on the dielectric layer 
in the vicinity of the independent Y electrode 23 
because the voltage of the independent Y electrode 23 
is lower than the voltages of the address A electrode 29 
and the common X electrode 22. The condition of the 
electric charge particles are shown in Fig. 7. The elec- 
tric discharge occurs between the independent Y elec- 
trode 23 and the common X electrode 22 by the positive 
electric charge particles 60 and the first pulse of the 
sustaining pulses 45a, 45b,~supplied to the independ- 
ent Y electrode 23. This is a sustain discharge. This 
time, the negative electric charge particles 61 are gath- 
ered around the independent Y electrode 23 and the 
positive charges 62 are gathered around the common X 
electrode 22 by the electric discharge generated by the 
sustaining pulses 45a, 45b. As a result, the sustaining 
electric discharges occur between the independent Y 
electrode 23 and the common X electrode 22 by the first 
pulse of sustaining pulses 41. This electric discharges 
are repeated during sustaining period 2c. 

Fig. 8 is a sectional view of a plasma display pane! 
in which a condition of electric charge particles in a cell 
after supplying a fine erase pulse is illustrated. In Fig. 8, 
the condition of electric discharge after the last sustain- 
ing pulses 41 is supplied to the common X electrode 22 
and then the fine line erasing pulses 46a, 46b,— are 
supplied is illustrated. 

The condition of the electric charge particles after 
the discharges are occurred by the final sustaining 
pulses 41 is the same with the condition shown in Fig. 7. 

The pulse width of the fine line erasing pulses 46a, 
46b,— is longer than the discharge continuation time, so 
that negative electric charge particles 61 which move so 
quickly are gathered on the dielectric layer in the vicinity 
of the independent Y electrode 23. As a result, separa- 
tion of the electric charge particles is performed. The 
positive electric charge particles that move slowly in 
space float in the cell. The negative charges float dis- 
charge space for a while. 

Fig. 9 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a cell 
after supplying a equalizing pulse in a second field is 
illustrated. In Fig. 9, a condition of electric discharge 
after the equalizing pulses 43a, 43b, —in the second 
sub-field are supplied is illustrated. The voltage of the 



equalizing pulses 43a. 43b, —are canceled by the neg- 
ative charges and is not reached to the discharge volt- 
age, so that any discharges is not performed. The 
voltage of the independent Y electrode 23 is higher than 
5 the voltage of the other electrodes, so the negative 
charges are attracted towered the independent Y elec- 
trode 23. 

Fig. 1 0 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a cell 
10 after supplying a regulating pulse in a second field is 
illustrated. 

Referring to the drawing, the condition of electric 
charge particles after the regulating pulse 40 is supplied 
to the common X electrode 22 is illustrated. The nega- 
15 tive electric charge particles are gathered on the dielec- 
tric layer in the vicinity of the common X electrode 22 
and the positive charges are gathered at the address A 
electrode 29. By this, the same driving as the first sub- 
field is performed without electric discharge by the 
20 equalizing pulses 43a, 43b,—. In this case, the voltage 
of the equalizing pulses 43a, 43b,— is reduced by the 
negative electric charge particles at the independent Y 
electrode 23, so that the electric discharge between the 
independent Y electrode 23 and the common X elec- 
25 trode 22 is not performed. 

The driving of the panel is capable of performing 
without using the full writing electric discharge and fine 
line erasing electric discharge for each sub-field. As a 
result, unnecessary light emitting is erased for display- 
30 ing black brightness so that the contrast is improved. 

The second embodiment of the present invention is 
described hereinafter. Fig. 11 illustrates a second driv- 
ing system in accordance with a second embodiment of 
the present invention. Fig.(a) is a time chart illustrating 
35 an arrangement of sub-fields in one field in accordance 
with the present invention. The figure illustrates a divi- 
sion of one field into several sub-fields such as the case 
of Fig. 5. A horizontal axis shows time and a vertical 
axis shows lines of cells. 
40 Fig. 1 1 (b)-Fig. 1 1 (e) illustrate wave-forms of pulses 
supplied to the common X electrode, the address A 
electrode, and the first and the second independent Y 
electrode respectively. 

A pulse wave-form 70 illustrates a part of driving 
45 wave-form supplied to the common X electrode 22 in 
one field. A pulse wave-form 71 illustrates a part of driv- 
ing wave-form supplied to the one of the address A elec- 
trode 29. Pulse wave-forms 72 and 73 illustrate parts of 
driving wave-form supplied, for example, to a first and a 
so second independent Y electrodes 23. 

The pulse wave-form 70 which is supplied to the 
common X electrode 22 during first sub-field includes a 
regulating pulse 40 lasting from the electric charge par- 
ticle equalizing period 2a to the address period 2b and 
55 the sustaining pulses 41 and a fine line erasing pulse 74 
in the sustaining period 2c. The pulse wave-form 71 
which is supplied to one of the address A electrodes 29 
illustrates the address pulse 42 in the address period 2b 
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which corresponds to the light emitting cell. The 
address pulses 42 is not supplied when there is no cell 
to be emitted. The pulse wave-forms 71 and 72 which 
are supplied to the first electrode of the independent Y 
electrodes 23 and adjacent second electrode of the 
independent Y electrodes 23 includes a electric charge 
particle equalizing pulse 43a 43b, ~ in the electric 
charge particle equalizing period 2a of the first sub-field, 
scan pulse 44a, 44b,— in the address period 2b, sus- 
taining pulses 45a, 45b,— and a first fine line erasing 
pulses 75a, 75b,— in the sustaining period 2c. 

Under these circumstances, the pulse width of the 
first fine line erasing pulses 75a, 75b,— is the same with 
or shorter than a pulse width of a second fine line eras- 
ing pulse 74. The number of the fine line erasing pulses 
is an even number as shown in Fig. 11, that is, the first 
and the second fine line erasing pulses 75a, 75b and 
74, the first fine line erasing pulses 75a, 75b, — which 
are the last erasing pulses and the equalizing pulses 
43a, 43b,— are supplied to the same electrodes, that is, 
the independent Y electrode 23 of Fig. 11. The second 
fine line erasing pulse 74 is supplied to the other elec- 
trode, that is, the common X electrode 22. 

In the embodiment, the last sustaining pulse is sup- 
plied to the independent Y electrode 23. A condition of 
electric charge particles after supplying the first fine line 
erasing pulses 75a, 75b,— is almost same as the condi- 
tion shown in Fig. 8. in accordance with the first embod- 
iment. The condition of electric discharges in the other 
sub-fields 3-9 are the same condition. Further, the eras- 
ing and polarizing of electric charge particles are per- 
formed by these fine line erasing pulses, so these 
erasing pulses are called polarization pulse group. In 
this embodiment, by using the first and the second fine 
line erasing pulses 75a, 75b and 74, the erasing and 
polarization are effectively performed, and electric dis- 
charging time during address discharging time is main- 
tained constant. 

The third embodiment of the present invention is 
described hereinafter. Fig. 12 illustrates a third driving 
system in accordance with a third embodiment of the 
present invention. Fig. 12(a) is a time chart illustrating 
an arrangement of sub-fields in one field in accordance 
with the present invention. The figure illustrates a divi- 
sion of one field into several sub-fields such as the case 
of Fig. 5. A horizontal axis illustrates time and a vertical 
axis illustrates line of cells. 

Fig. 12(b)-Fig. 12(e) illustrate wave-forms of pulses sup- 
plied to the common X electrode, the address A elec- 
trode, and the first and the second independent Y 
electrode respectively. 

A pulse wave-form 80 illustrates a part of driving 
wave-form supplied to the common X electrode 22 in 
first sub-field. A pulse wave-form 81 illustrates a part of 
driving wave-form supplied to the one of the address A 
electrode 29. Pulse wave-forms 82 and 83 illustrate 
parts of driving wave-forms supplied, for example, to a 
first and a second independent Y electrodes 23. 



The pulse wave-form 80 which is supplied to the 
common X electrode 22 during the first sub-field 
includes a regulating pulse 40 lasting from the electric 
charge particle equalizing period 2a to the address 

5 period 2b and the sustaining pulses 41 in the sustaining 
period 2c and second fine line erasing pulse 84. The 
pulse wave-form 81 which is supplied to one of the 
address A electrodes 29 illustrates the address pulse 42 
in the address period 2b which corresponds to the light 

10 emitting cell. The address pulses 42 is not supplied 
when there is no cell to be emitted. The pulse wave- 
forms 82 and 83 which are supplied to the first electrode 
of the independent Y electrodes 23 and adjacent sec- 
ond electrode of the independent Y electrodes 23 

75 includes electric charge particles equalizing pulse 43a 
43b,— in the electric charge particles equalizing period 
2a of the first sub-field, scan pulses 44a, 44b,— in the 
address period 2b, sustaining pulses 45a, 45b,— and a 
third fine line erasing pulses 85a, 85b.— and a first fine 

20 line erasing pulses 86a, 86b,— in the sustaining period 
2c. 

Under these circumstances, the pulse width of the 
second fine line erasing pulses 84 is the same as or 
shorter than a pulse width of a third fine line erasing 

25 pulses 85a, 85b,—. 

And a pulse width of the first fine line erasing pulses 
86a, 86b. -is the same as or shorter than a pulse width 
of the second fine line erasing pulse 84 

If the numbers of the fine line erasing pulses are an 

30 odd number as shown in Fig. 12, that is, the first to the 
third fine line erasing pulses, the first fine line erasing 
pulses 86a, 86b,— which are the last supplied erasing 
pulses and the equalizing pulses 43a, 43b, — are sup- 
plied to the same electrodes, that is, the independent Y 

35 electrode 23 of Fig. 12. The third fine line erasing pulse 
85 which is first supplied fine line erasing pulse is sup- 
plied to the same electrode to which first supplied fine 
line erasing pulses 86a and 86b are supplied, that is, 
the independent Y electrode 23. Therefore, the last sus- 

40 taining pulse is supplied to the common X electrode 22. 
A condition of electric charge particles after supplying 
the first fine line erasing pulses 86a, 86b,— is almost 
same condition as shown in Fig. 8 in accordance with 
the first embodiment. The condition of electric dis- 

45 charges in the other sub-fields 3-9 is the same condi- 
tion. In the embodiment, by using the first, the second 
and the third fine line erasing pulses 86a, 86b, 84, 85a 
and 85b, the erasing and polarization are more effec- 
tively performed, and electric discharging time during 

so address discharging time is maintained constant. 
According to an experiment by present inventors, it is 
effective for erasing up to three fine line erasing pulses 
and using more than four fine line erasing pulses is not 
so effective. 

55 The fourth embodiment of the present invention is 
described hereinafter. Fig. 13 illustrates a fourth driving 
system in accordance with a fourth embodiment of the 
present invention. Fig. 13(a) is a time chart illustrating 
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an arrangement of sub-fields in one field in accordance 
with the present invention. The figure illustrates a divi- 
sion of one field into several sub-fields such as the case 
of Fig. 5. A horizontal axis illustrates time and a vertical 
axis illustrates line of cells. 

Fig. 13(b)-Fig. 13(e) illustrate wave-forms of pulses 
supplied to the common X electrode, the address A 
electrode, and the first and the second independent Y 
electrode respectively. 

A pulse wave-form 90 illustrates a part of driving 
wave-form supplied to the common X electrode 22 in 
the first sub- field. A pulse wave-form 91 illustrates a 
part of driving wave-form supplied to the one of the 
address A electrode 29. Pulse wave-forms 92 and 93 
illustrate parts of driving wave-forms supplied, for exam- 
ple, to a first and a second independent Y electrodes 
23. 

The pulse wave-form 90 which is supplied to the 
common X electrode 22 during the first sub-field 
includes a regulating pulse 94 lasting from the electric 
charge particles equalizing period 2a to the address 
period 2b and the sustaining pulses 41 in the sustaining 
period 2c. 

The voltage of the regulating pulse 94 and the volt- 
age of the sustaining pulses 41 are the same, thereby a 
driving circuit is simplified because the same power is 
used. 

The pulse wave-form 91 which is supplied to one 
of the address A electrodes 29 illustrates the address 
pulses 42 in the address period 2b which corresponds 
to the light emitting cell. The address pulses 42 is not 
supplied when there is no ceil to be emitted. The pulse 
wave-forms 92 and 93 which are supplied to the first 
wave-forms 92 and 93 which are supplied to the first 
electrode of the independent Y electrodes 23 and adja- 
cent second electrode of the independent Y electrodes 
23 includes a electric charge particle equalizing pulse 
43a 43b,— in the electric charge particle equalizing 
period 2a of the first sub-field, scan pulse 44a, 44b,— in 
the address period 2b, sustaining pulses 45a, 45b,— 
and fine line erasing pulses 46a, 46b,— in the sustain- 
ing period 2c. A condition of electric charge particles 
after supplying the fine line erasing pulses 46a, 46b,— is 
almost same condition as shown in Fig. 8 which illus- 
trates the condition of electric charge particles in 
accordance with the first embodiment. The condition of 
electric discharge in the other sub-fields 3-9 is the same 
condition. In the embodiment, the voltage of the regulat- 
ing pulse 94 supplied to the common X electrode 22 and 
the voltage of the sustaining pulses are the same, there- 
fore simplifying the driving circuit construction. 

The fifth embodiment of the present invention is 
described hereinafter. Fig. 14 illustrates a fifth driving 
system in accordance with a fifth embodiment of the 
present invention. Fig. 14(a) is a time chart illustrating 
an arrangement of sub-fields in one field in accordance 
with the present invention. The figure illustrates a divi- 
sion of one field into several sub-fields such as the case 



of Fig. 5. A horizontal axis illustrates time and a vertical 
axis illustrates line of cells. Fig. 14(b)-Fig. 14(e) illus- 
trate wave-forms of pulses supplied to the common X 
electrode, the address A electrode, and the first and the 

5 second independent Y electrode respectively. 

A pulse wave-form 100 illustrates a part of driving 
wave-form supplied to the common X electrode 22 in 
the first sub-field. A pulse wave-form 101 illustrates a 
part of driving wave-form supplied to the one of the 

io address A electrode 29. Pulse wave-forms 1 02 and 1 03 
illustrate parts of driving wave-forms supplied, for exam- 
ple, to a first and a second independent Y electrodes 
23. 

The pulse wave-form 100 which is supplied to the 

is common X electrode 22 during the first sub-field 
includes a regulating pulse 94 lasting from the electric 
charge particle equalizing period 2a to the address 
period 2b and the sustaining pulses 41 in the sustaining 
period 2c. The voltage of the regulating pulse 94 and 

20 the voltage of the sustaining pulses 41 are the same as 
the fourth embodiment shown in Fig. 13, thereby a driv- 
ing circuit is simplified because the same power is used 
. The pulse wave-form 101 which is supplied to one of 
the address A electrodes 29 illustrates the address 

25 pulses 42 in the address period 2b which corresponds 
to the light emitting cell. The address pulses 42 is not 
supplied when there is no cell to be emitted. The pulse 
wave-forms 102 and 103 which are supplied to the first 
electrode of the independent Y electrodes 23 and adja- 

30 cent second electrode of the independent Y electrodes 
23 includes electric charge particles equalizing pulse 
43a 43b,-- in the electric charge particle equalizing 
period 2a of the first sub-field, scan pulses 1 04a, 1 04b,- 
~in the address period 2b, sustaining pulses 45a, 45b, - 

35 - and fine line erasing pulses 46a, 46b,— in the sustain- 
ing period 2c. The voltage of the independent Y elec- 
trode 23 during the address period 2c and the voltage of 
the sustaining pulses 45a, 45b,— are the same, thereby 
a driving circuit is simplified because the same power is 

40 used. A condition of electric charge particles after sup- 
plying the fine line erasing pulses 46a, 46b,— is almost 
same condition as shown in Fig. 8 which illustrates the 
condition of electric charge particles in accordance with 
the first embodiment. The condition of electric charge 

45 particles in the other sub-fields 3-9 is the same the con- 
dition. 

The sixth embodiment of the present invention is 
described hereinafter. Fig. 15 illustrates a sixth driving 
system in accordance with a fifth embodiment of the 

so present invention. Fig. 15(a) is a time chart illustrating 
an arrangement of sub-fields in one field in accordance 
with the present invention. The figure illustrates a divi- 
sion of one field into several sub-fields such as the case 
of Fig. 5. A horizontal axis illustrates time and a vertical 

55 axis illustrates line of cells. Fig. 15(b)-Fig. 15(e) illus- 
trate wave-forms of pulses supplied to the common X 
electrode, the address A electrode, and the first and the 
second independent Y electrode respectively. 
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A pulse wave-form 1 10 illustrates a part of driving 
wave-form supplied to the common X electrode 22 in 
the first sub-field. A pulse wave-form 1 1 1 illustrates a 
part of driving wave-form supplied to the one of the 
address A electrode 29. Pulse wave-forms 1 12 and 1 13 
illustrate parts of driving wave-forms supplied, for exam- 
ple, to a first and a second independent Y electrodes 
23. 

The pulse wave-form 1 1 1 which is supplied to the 
common X electrode 22 during the first sub-field 
includes a first regulating pulse 114 in the electric 
charge particle equalizing period 2a, a second regulat- 
ing pulse 1 15 in the address period 2b and the sustain- 
ing pulses 41 in the sustaining period 2c. In the 
embodiment, the regulating pulse supplied to the com- 
mon X electrode 22 is divided into the first regulating 
pulse 114 in the electric charge particle equalizing 
period 2a and the second regulation pulse 115 in the 
address period 2b. The pulse wave-form 1 1 1 which is 
supplied to one of the address A electrodes 29 includes 
the address pulses 42 in the address period 2b which 
corresponds to the light emitting ceil. The address 
pulses 42 is not supplied when there is no cell to be 
emitted. The pulse wave-forms 112 and 113 which are 
supplied to the first electrode of the independent Y elec- 
trodes 23 and adjacent second electrode of the inde- 
pendent Y electrodes 23 includes a electric charge 
particle equalizing pulses 43a 43b,— in the electric 
charge particle equalizing period 2a of the first sub-field, 
a scan pulse 114a, 114b,— in the address period 2b, 
sustaining pulses 45a, 45b,— and fine line erasing 
pulses 46a, 46b,— in the sustaining period 2c. A condi- 
tion of electric charge particles after supplying the fine 
line erasing pulses 46a, 46b,— is almost same condition 
as shown in Fig. 8 which illustrates the condition of elec- 
tric charge particles in accordance with the first embod- 
iment. The condition of electric discharge in the other 
sub-fields 3-9 is the same condition. In Fig. 15, the fall- 
ing edge of the first regulating pulse is slightly earlier 
than that of the equalizing pulse 43a, thereby preventing 
electric discharging by mistake between the common X 
electrode 22 and the independent Y electrode. Further, 
a rising edge of the second regulating pulse and a rising 
edge of the scan pulses 115 is effected at the same 
time, thereby preventing electric discharge by mistake 
between the common X electrode 22 and the independ- 
ent Y electrode 23. 

The first regulating pulse 114 supplied to the com- 
mon X electrode 22 and the sustaining pulses 41 may 
use the same voltage. 

The seventh embodiment of the present invention is 
described hereinafter. Fig. 16 illustrates a seventh driv- 
ing system in accordance with a seventh embodiment of 
the present invention. Fig. 16(a) is a time chart illustrat- 
ing an arrangement of sub-fields in one field in accord- 
ance with the present invention. The figure illustrates a 
division of one field into several sub-fields such as the 
case of Fig. 5. A horizontal axis illustrates time and a 



vertical axis illustrates line of cells. Fig. 16(b)-Fig. 16(e) 
illustrate wave-forms of pulses supplied to the common 
X electrode, the address A electrode, and the first and 
the second independent Y electrode respectively. 

5 A pulse wave-form 130 illustrates a part of driving 

wave-form supplied to the common X electrode 22 in 
the first sub-field. A pulse wave-form 131 illustrates a 
part of driving wave-form supplied to the one of the 
address A electrode 29. Pulse wave-forms 132 and 133 

10 illustrate parts of driving wave-forms supplied, for exam- 
ple, to a first and a second independent Y electrodes 
23. 

The pulse wave-form 131 which is supplied to the 
common X electrode 22 during the first sub-field 

is includes a first regulating pulse 134 in the electric 
charge particle equalizing period 2a. a second regulat- 
ing pulse 135 in the address period 2b and the sustain- 
ing pulses 41 in the sustaining period 2c. The pulse 
wave-form 1 31 which is supplied to one of the address 

20 A electrodes 29 includes the address pulses 42 in the 
address period 2b of the first sub-field which corre- 
sponds to the light emitting cell. The address pulses 42 
is not supplied when there is no cell to be emitted. The 
pulse wave-forms 132 and 133 which are supplied to 

25 the first electrode of the independent Y electrodes 23 
and adjacent second electrode of the independent Y 
electrodes 23 includes a electric charge particle equal- 
izing pulse 136a 136b,— in the electric charge particle 
equalizing period 2a of the first sub-field, a scan pulse 

30 137a, 137b,— in the address period 2b, sustaining 
pulses 45a, 45b,— and fine line erasing pulses 46a, 
46b,— in the sustaining period 2c. 

A falling edge of the equalizing pulse 136a. 136b,-- 
-becomes zero voltage within the time less than 1 us in 

35 accordance with the present embodiment which is dif- 
ferent from above mentioned embodiment. As the volt- 
age of the second regulating pulse 135 and the scan 
pulses 137a, 137b, the same voltage of the sustaining 
pulses 41, 45a, 45b,— is able to apply. A condition of 

40 electric charge particles after supplying the fine line 
erasing pulses 46a, 46b,— is almost same condition as 
shown in Fig. 8 which illustrates the condition of electric 
charge particles in accordance with the first embodi- 
ment. The condition of electric discharge in the other 

45 sub-fields 3-9 is the same condition. 

In the embodiment, the edge of the first regulating 
pulse 139 falls before the edge of the equalizing pulse 
falls as shown in Fig. 16, thereby preventing electric dis- 
charge by mistake between the common X electrode 22 

50 and the independent Y electrode. 

The eighth embodiment of the present invention is 
described hereinafter. Fig. 17 illustrates a eighth driving 
system in accordance with a eighth embodiment of the 
present invention. Fig. 17(a) is a time chart illustrating 

55 an arrangement of sub-fields in one field in accordance 
with the present invention. The figure illustrates a divi- 
sion of one field into several sub-fields such as the case 
of Fig. 5. A horizontal axis illustrates time and a vertical 
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axis illustrates line of cells. Fig. 17(b)-Fig. 17(e) illus- 
trate wave-forms of pulses supplied to the common X 
electrode, the address A electrode, and the first and the 
second independent Y electrode respectively. 

A pulse wave-form 140 illustrates a part of driving 
wave-form supplied to the common X electrode 22 in 
the first sub-field. A pulse wave-form 141 illustrates a 
part of driving wave-form supplied to the one of the 
address A electrode 29. Pulse wave-forms 142 and 143 
illustrate part of driving wave-form supplied, for exam- 
ple, to a first and a second independent Y electrodes 
23. 

The pulse wave-form 141 which is supplied to the 
common X electrode 22 during the first sub-field 
includes a first regulating pulse 144 in the electric 
charge particle equalizing period 2a, a second regulat- 
ing pulse 145 in the address period 2b and the sustain- 
ing pulses 41 in the sustaining period 2c. 

According to the present embodiment, the voltage 
of the first regulating pulse 144 is set higher than the 
voltage of the sustaining pulses 41 . The pulse wave- 
form 141 which is supplied to one of the address A elec- 
trodes 29 includes the address pulses 42 in the address 
period 2b of the first sub-field which corresponds to the 
light emitting cell. The address pulses 42 is not supplied 
when there is no cell to be emitted. The pulse wave- 
forms 142 and 143 which are supplied to the first elec- 
trode of the independent Y electrodes 23 and adjacent 
second electrode of the independent Y electrodes 23 
includes a electric charge particle equalizing pulse 1 36a 
136b,— in the electric charge particle equalizing period 
2a of the first sub-field, a scan pulse 137a, 137b,— in 
the address period 2b, a sustaining pulses 45a, 45b,— 
and fine line erasing pulses 46a, 46b,— in the sustain- 
ing period 2c. 

The voltage of the second regulating pulse 144 and 
the scan pulses 137a, 137b,— can be set the same volt- 
age of the sustaining pulses 41, 45a, 45b,—. A condi- 
tion of electric charge particles after supplying the fine 
line erasing pulses 46a, 46b,— is almost same condition 
as shown in Fig. 8 which illustrates the condition of elec- 
tric charge particles in accordance with the first embod- 
iment. The condition of electric discharge in the other 
sub-fields 3-9 is the same with the condition. 

According to the present embodiment, the voltage 
of the first regulating pulse 1 44 is higher than that of the 
sustaining pulses 41 . By using higher voltage of the first 
regulating pulse 144, a lot of negative electric charge 
particles can be collected, and as a result, a lot of posi- 
tive electric charge particles are collected on the 
address electrode 29 side, thereby address discharging 
is performed so easily. 

The ninth embodiment of the present invention is 
described hereinafter. Fig. 18 illustrates a ninth driving 
system in accordance with a ninth embodiment of the 
present invention. Fig. 18(a) is a time chart illustrating 
an arrangement of sub-fields in one field in accordance 
with the present invention. The figure illustrates a divi- 



sion of one field into several sub-fields such as the case 
of Fig. 5. A horizontal axis illustrates time and a vertical 
axis illustrates line of cells. Fig. 18(b) -Fig. 18(e) illus- 
trate wave-forms of pulses supplied to the common X 

5 electrode, the address A electrode, and the first and the 
second independent Y electrode respectively. 

A pulse wave-form 150 illustrates a part of driving 
wave-form supplied to the common X electrode 22 in 
the first sub-field. A pulse wave-form 151 illustrates a 

io part of driving wave-form supplied to the one of the 
address A electrode 29. Pulse wave-forms 152 and 153 
illustrate parts of driving wave-forms supplied, for exam- 
ple, to a first and a second independent Y electrodes 
23. 

75 The pulse wave-form 151 which is supplied to the 
common X electrode 22 during the first sub-field 
includes a equalizing pulse 153 in the electric charge 
particle equalizing period 2a, a second regulating pulse 
154 in the address period 2b and the sustaining pulses 

20 41 and a fine line erasing pulse 155 in the sustaining 
period 2c. 

According to the present embodiment, the only one 
fine line erasing pulse 155 is provided. The equalizing 
pulse 153 is supplied to the electrode to which the fine 

25 line erasing pulse 155 is supplied such as the case of 
the fifth embodiment. In case the numbers of the fine 
line erasing pulses are two or three as shown in the sec- 
ond and the third embodiment (see Fig. 1 1 and Fig. 12), 
the equalizing pulses are supplied to the electrode to 

30 which the last fine line erasing pulse is supplied. 

The pulse wave-form 151 which is supplied to one 
of the address A electrodes 29 includes the address 
pulses 42 in the address period 2b of the first sub-field 
which corresponds to the light emitting cell. The 

35 address pulses 42 are not supplied when there is no cell 
to be emitted. The pulse wave-forms 1 52 and 1 53 which 
are supplied to the first electrode of the independent Y 
electrodes 23 and adjacent second electrode of the 
independent Y electrodes 23 include a first regulating 

40 pulse 156a, 156b,— in the electric charge particle 
equalizing period 2a of the first sub-field, a scan pulse 
137a, 137b,— in the address period 2b, sustaining 
pulses 45a, 45b,— in the sustaining period 2c. 

In the embodiment, the first regulating pulses 1 56a, 

45 1 56b,— are supplied within the lapse of time 0.3 p,sec to 
2 usee from the rising edge of the equalizing pulse 153. 

The voltage of the second regulating pulse 1 44 and 
the scan pulses 137a, 137b,— can be set the same volt- 
age of the sustaining pulses 41 , 45a, 45b, — as shown in 

so the fifth embodiment (see Fig. 1 4) A condition of electric 
charge particles after supplying the fine line erasing 
pulses 46a, 46b,— is almost same condition as shown in 
Fig. 8 which illustrates the condition of electric charge 
particles in accordance with the first embodiment. The 

55 condition of electric discharge in the other sub-fields 3- 
9 is the same with the condition. 

According to the present embodiment, the first reg- 
ulating pulse 43a, 43b,— are similar to the equalizing 
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pulse 43a, 43b,— as shown in Fig. 15. but a equalizing 
pulse according to the present invention is a pulse that 
rises first during electric charge particle equalizing 
period. The reason for providing 0.3 usee to 2 psec 
period between the rising edge of the equalizing pulse 
153 and the rising edge of the first regulating pulse 
156a, 156b,— has already explained. 

From Fig. 19 to Fig. 23 are sectional views of the 
plasma display panel in accordance with the ninth 
embodiment in which the condition of electric charge 
particles in the cell performed electric discharge for light 
emitting are illustrated from the first sub-field after the 
power is supplied to the second sub^field until the equal- 
izing pulses and the regulating pulse are supplied. In 
these drawings, reference numeral 60 denotes a posi- 
tive electric charge particle, reference numeral 61 
denotes a negative electric charge particle. Further the 
condition of electric charge particles is illustrated in a 
cell at center position of Fig. 19 through Fig. 23. 

Fig. 19 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a cell 
is illustrated immediately after a power is supplied and 
then a equalizing pulse and a protecting pulse are sup- 
plied. The figure illustrate the condition of electric 
charge particles in first sub-field after power is supplied 
at first and then the equalizing pulses 153 are supplied 
to the common X electrode 22 and finally the first regu- 
lating pulses 156a. 156b.— are supplied. The electric 
discharge occurs between the common X electrode 22 
and the independent Y electrodes 23 by supplying the 
equalizing pulses 153 to the independent Y electrodes 
23 in all cells, and the negative electric charge particles 
61 are gathered on the dielectric layer in the vicinity of 
the independent V electrodes 23a and the common X 
electrode 22 and the positive electric charge particles 
60 are gathered on the address A electrodes 29 side. 

Fig. 20 is a sectional view of a plasma display panel 
in accordance with the ninth embodiment in which a 
condition of electric charge particles in a cell after per- 
forming an address electric discharge is illustrated. In 
Fig. 20, the condition of electric discharges is illustrated 
after the address pulses 42 is supplied to the address A 
electrodes 29 and address electric discharges are per- 
formed between the address A electrode 29 and the 
independent Y electrode 23. The positive electric 
charge particles 60 are gathered on the dielectric layer 
in the vicinity of the independent Y electrode 23 
because the voltage of the independent Y electrode 23 
is lower than the voltages of the address A electrode 29 
and the common X electrode 22. The negative electric 
charge particles 61 are gathered on the other electrode 
side. 

The condition of the electric charge particles is 
shown in Fig. 20. The sustaining electric discharge 
occurs between the independent Y electrode 23 and the 
common X electrode 22 by the positive electric charges 
particles 60 and the first pulse of the sustaining pulses 
45a, 45b,— supplied to the independent Y electrode 23. 



This is a sustain discharge. 

Fig. 21 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a cell 
after supplying a fine line erasing pulse is illustrated. In 
5 Fig. 21 , the condition of electric discharge after the last 
sustaining pulses 45a, 45b,— are supplied to the inde- 
pendent Y electrode and then the fine line erasing 
pulses 155 are supplied to the common X electrode 22 
is illustrated. 

10 The pulse width of the fine line erasing pulse 155 is 
longer than the discharge continuation time, so that 
negative electric charges particles 61 which move so 
quickly are gathered on the dielectric layer in the vicinity 
of the common X electrode 22. The positive electric 

15 charge particles that move slowly in space float in the 
cell. The negative charges f foat discharge space for a 
while. 

Fig. 22 is a sectional view of a plasma display panel 
in accordance with the ninth embodiment in which a 
20 condition of electric charge particles in a cell after sup- 
plying a equalizing pulses in a second field is illustrated. 

In Fig. 22, a condition of electric discharge after the 
equalizing pulse 153 in the second sub-field is supplied 
is illustrated. The voltage of the equalizing pulse 153 is 
25 canceled by the negative charge particles 61 and is not 
reached to the discharge voltage, so that any electric 
discharge is not occurred. 

Fig. 23 is a sectional view of a plasma display panel 
in which a condition of electric charges in a cell after 
30 supplying a regulating pulse in a second field is illus- 
trated. 

In the figure, the condition of electric charge parti- 
cles after the first regulating pulses 156a, 156b.— are 
supplied to the independent Y electrode 23 is illustrated. 

35 The negative electric charge particles 61 are gathered 
on the dielectric layer in the vicinity of the common X 
electrode 22 and the independent Y electrode 23, and 
the positive electric charge particles 60 are gathered on 
the address A electrode 29. By this, the same driving as 

40 the first sub-f ield is performed without electric discharge 
by the equalizing pulses 153. 

The tenth embodiment of the present invention is 
described hereinafter. Fig. 24 illustrates a tenth driving 
system in accordance with a tenth embodiment of the 

45 present invention. Fig. 24(a) is a time chart illustrating 
an arrangement of sub-fields in one field in accordance 
with the present invention. The figure illustrates a divi- 
sion of one field into several sub-fields such as the case 
of Fig. 18. A horizontal axis illustrates time and a vertical 

so axis illustrates line of cells. Fig. 24(b)-Fig. 24(e) illus- 
trate wave-forms of pulses supplied to the common X 
electrode, the address A electrode, and the first and the 
second independent Y electrode respectively. 

A pulse wave-form 160 illustrates a part of driving 

55 wave-form supplied to the common X electrode 22 in 
the first sub-field. A pulse wave-form 161 illustrates a 
part of driving wave-form supplied to the one of the 
address A electrode 29. Pulse wave-forms 162 and 163 
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illustrate parts of driving wave-forms supplied, for exam- 
ple, to a first and a second independent Y electrodes 
23. 

The pulse wave-form 160 which is supplied to the 
common X electrode 22 during the first sub-field 
includes a equalizing pulse 163 in the electric charge 
partide equalizing period 2a, a second regulating pulse 
165 which continues from equalizing pulse 164 in the 
electric charge particle equalizing period 2a and the 
address period 2b and the sustaining pulses 41 and a 
fine line erasing pulse 155 in the sustaining period 2c. 

According to the present embodiment, the only one 
fine line erasing pulse is provided. The equalizing pulse 
164 is supplied to the electrode to which the fine line 
erasing pulse 155 is supplied such as the case of the 
first embodiment In case the numbers of the fine line 
erasing pulses are two or three as shown in the second 
and the third embodiment (see Fig. 1 1 and Fig. 12), the 
equalizing pulse is supplied to the electrode to which 
the last fine line erasing pulse is supplied. The pulse 
wave-form 161 which is supplied to one of the address 
A electrodes 29 includes the address pulses 42 in the 
address period 2b of the first sub-field which corre- 
spond to the light emitting cell. The address pulses 42 
are not supplied when there is no celt to be emitted. The 
pulse wave-forms 162 and 163 which are supplied to 
the first electrode of the independent Y electrodes 23 
and adjacent second electrode of the independent Y 
electrodes 23 includes a first regulating pulse 156a, 
■(56b ... in the electric charge particle equalizing period 
2a of the first sub-field, scan pulses 137a, 137b,— in the 
address period 2b, sustaining pulses 45a, 45b f — in the 
sustaining period 2c. In the embodiment, the first regu- 
lating pulses 156a, 156b,— are supplied within the lapse 
of time 0.3 usee to 2 usee from the rising edge of the 
equalizing pulse 153. The voltage of the second regulat- 
ing pulse 1 65 and the scan pulses 1 37a, 1 37b, —can be 
set the same voltage of the sustaining pulses 41. 45a, 
45b,— as shown in the ninth embodiment (see Fig. 18). 
The other sub-fields 3-9 are constructed the same as 
the first sub-field. 

A condition of electric charge particles after supply- 
ing the fine line erasing pulses 46a, 46b,— are almost 
same condition as shown in Fig. 8 which illustrates the 
condition of electric charge particles in accordance with 
the first embodiment. The condition of electric dis- 
charge in the other sub-fields 3-9 is the same condition. 

According to the present embodiment, the reason 
for setting the voltage of the equalizing pulse 164 a 
higher voltage is to collect the negative electric charge 
partides on the common X electrode side, and to collect 
lots of positive electric charge particles on the address 
A electrode 29. Further, the reason for setting the volt- 
age of the second regulating pulse 165 in the address 
period 2b is to protect electric discharging by mistake 
between the common X electrode 22 and the independ- 
ent Y electrode 23. 

The eleventh embodiment of the present invention 



is described hereinafter. Fig. 25 illustrates a eleventh 
driving system in accordance with a eleventh embodi- 
ment of the present invention. Fig. 25(a) is a time chart 
illustrating an arrangement of sub-fields in one field in 

5 accordance with the present invention. The figure illus- 
trates a division of one field into several sub-fields such 
as the case of Fig. 5. A horizontal axis illustrates time 
and a vertical axis illustrates line of cells. Fig. 25(b)-Rg. 
25(e) illustrate wave-forms of pulses supplied to the 

10 common X electrode, the address A electrode, and the 
first and the second independent Y electrode respec- 
tively. 

A pulse wave-form 170 illustrates a part of driving 
wave-form supplied to the common X electrode 22 in 

is the first sub-field. A pulse wave-form 171 illustrates a 
part of driving wave-form supplied to the one of the 
address A electrode 29. Pulse wave-forms 1 72 and 1 73 
illustrate parts of driving wave-forms supplied, for exam- 
ple, to a first and a second independent Y electrodes 

20 23. 

The pulse wave-form 170 which is supplied to the 
common X electrode 22 during the first sub-field 
includes a regulating pulse 40 in the period continuing 
from the electric charge particles equalizing period 2a 
25 to the address period 2b and the sustaining pulses 41 in 
the sustaining period 2c. The pulse wave-form 171 
which is supplied to one of the address A electrodes 29 
includes a voltage holding pulse 174 whose voltage is 
determined not to occur a discharge by the scan pulses 
30 44a, 44b,— and the address pulses 42 in the address 
period 2b of the first address period 2b which corre- 
sponds to the light emitting cell and between the 
address electrode 29 and the independent Y electrode 
23. The address pulses 42 is not supplied when there is 
35 no cell to be emitted. According to the present embodi- 
ment, the voltage needed for the address electric dis- 
charging is the sum of the voltage of the voltage holding 
pulse 174 and the voltage of address pulses 175, 
thereby reducing the voltage of the address pulses 1 75. 
40 The address pulses 1 75 is not supplied when there is no 
cell to be emitted. The pulse wave-forms 172 and 173 
which are supplied to the first electrode of the independ- 
ent Y electrodes 23 and adjacent second electrode of 
the independent Y electrodes 23 include equalizing 
45 pulses 43a, 43b,— in the electric charge particle equal- 
izing period 2a of the first sub-field, a scan pulse 44a, 
44b,— in the address period 2b, sustaining pulses 45a, 
45b,— in the sustaining period 2c. The voltage of the 
regulating pulse 40 and the scan pulses 44a, 44b,— can 
so be determined to the same voltage of sustaining pulses 
41, 45a, 45b,—. 

A condition of electric charge particles after supply- 
ing the fine line erasing pulses 46a, 46b,— is almost the 
same condition as shown in Fig. 8 which illustrates the 
55 condition of electric charge particles in accordance with 
the first embodiment. The condition of electric dis- 
charge in the other sub-fields 3-9 is the same condition. 
The twelfth embodiment of the present invention is 
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described hereinafter. Fig. 26 illustrates a twelfth driving 
system in accordance with a twelfth embodiment of the 
present inventioa Fig. 26(a) is a time chart illustrating 
an arrangement of sub-fields in one field in accordance 
with the present invention. The figure illustrates a divi- 
sion of one field into several sub-fields such as the case 
of Fig. 5. A horizontal axis illustrates time and a vertical 
axis illustrates line of cells. Fig. 26(b)-Fig. 26(e) illus- 
trate wave-forms of pulses supplied to the common X 
electrode, the address A electrode, and the first and the 
second independent Y electrode respectively. 

A pulse wave-form 180 illustrates a part of driving 
wave-form supplied to the common X electrode 22 in 
the first sub-field. A pulse wave-form 181 illustrates a 
part of driving wave-form supplied to the one of the 
address A electrode 29. pulse wave-forms 182 and 183 
illustrate parts of driving wave-forms supplied, for exam- 
ple, to a first and a second independent Y electrodes 
23. 

The pulse wave-form 180 which is supplied to the 
common X electrode 22 during the first sub-field 
includes a regulating pulse 184 in the electric charge 
particles particle equalizing period 2a, the sustaining 
pulses 41 in the sustaining period 2c. 

The pulse wave-form 181 which is supplied to one 
of the address A electrodes 29 includes the address 
pulses 42 in the address period 2b of the first address 
period which corresponds to the light emitting cell. The 
address pulses 42 is not supplied when there is no cell 
to be emitted. The pulse wave-forms 1 82 and 1 83 which 
are supplied to the first electrode of the independent Y 
electrodes 23 and adjacent second electrode of the 
independent Y electrodes 23 include a equalizing pulse 
43a, 43b,— in the electric charging equalizing period 2a 
of the first s;ub-field, scan pulses 137a, 137b,— in the 
address period 2b, sustaining pulses 185a, 185b, —in 
the address period 2b and sustaining pulses 45a, 45b,- 
— and fine line erasing pulses 46a, 46b, — in the sustain- 
ing period 2c. The voltage of the regulating pulse 184 
can be determined the same the voltage of the sustain- 
ing pulses 41. 

A condition of electric charge particles after supply- 
ing the fine line erasing pulses 46a, 46b,— is almost 
same condition as shown in Fig. 8 which illustrates the 
condition of electric charge particles in accordance with 
the first embodiment. The condition of electric dis- 
charge in the other sub-fields 3-9 is the same condition. 
According to the present embodiment, the voltage of the 
scan pulses 185a, 185b,— is minus voltage and the volt- 
age of the address pulses 42 is plus voltage, therefore 
the voltage differences becomes so large that the elec- 
tric discharge is performed surely. 

The thirteenth embodiment of the present invention 
is described hereinafter. Fig. 27 illustrates a thirteenth 
driving system in accordance with a thirteenth embodi- 
ment of the present invention. Fig. 27(a) is a time chart 
illustrating an arrangement of sub-fields in one field in 
accordance with the present invention. The figure illus- 



trates a division of one field into several sub-fields such 
as the case of Fig. 18. A horizontal axis illustrates time 
and a vertical axis illustrates line of cells. Fig. 27(b)-Fig. 
27(e) illustrate wave-forms of pulses supplied to the 
5 common X electrode, the address A electrode, and the 
first and the second independent Y electrode respec- 
tively. 

A pulse wave-form 190 illustrates a part of driving 
wave-form supplied to the common X electrode 22 in 

10 the first sub-field. A pulse wave-form 191 illustrates a 
part of driving wave-form supplied to the one of the 
address A electrode 29. Pulse wave-forms 192 and 193 
illustrate parts of driving wave-forms supplied, for exam- 
ple, to a first and a second independent Y electrodes 

15 23. 

The wave-form 190 which is supplied to the com- 
mon X electrode 22 during the eighth sub-field and the 
field blank period 9d thereafter includes a regulating 
pulse 40 in the electric charge particle equalizing period 

20 2a and the address period 2b lasting from the equaliz- 
ing period 2a, sustaining pulses 41 and a full writing 
pulse 194 in the sustaining period 2c. In the embodi- 
ment, the voltage of the full writing pulse 194 is higher 
enough to be discharged regardless the sustaining dis- 

25 charge is performed or not. As a result, the electric 
charge particles in all cells are equalized. The field 
blank period 9d can be provided between the sub-fields. 
And also, the field blank period 9d is able to arrange 
several times in one field. The pulse wave-form 191 

30 which is supplied to one of the address A electrodes 29 
includes the address pulses 42 in the address period 
2b. The address pulses 42 is not supplied when there is 
no cell to be emitted. The pulse wave-forms 192 and 
193 which are supplied to the first electrode of the inde- 

35 pendent Y electrodes 23 and adjacent second electrode 
of the independent Y electrodes 23 include the equaliz- 
ing pulses 43a, 43b,— in the electric charging equalizing 
period 2a, the scan pulses 44a, 44b,— in the address 
period 2b, the sustaining pulses 45a, 45b.— in the sus- 

40 taining period 2c and fine line erasing pulses 195a, 
195b,— in the field blank period 9d. The voltage of the 
regulating pulse 40 and the scan pulses 44a, 44b, — 
can be determined the same as the voltage of the sus- 
taining pulses 41 . A condition of electric charge parti- 
es cles after supplying the fine line erasing pulses 195a, 
195b,— is almost same condition as shown in Fig. 8 
which illustrates the condition of electric charge parti- 
cles in accordance with the first embodiment. The con- 
dition of electric discharge in the other sub-fields 3-9 is 

so the same as the condition. 

According to the present embodiment , any electric 
charge particle in the cells is not remained when black 
portion continues across several sub-fields, and the 
address electric discharges are not performed well in 

55 the coming address period. To prevent this situation, a 
discharges are forced by the field full writing pulse 194 
between the common X electrode 22 and the independ- 
ent Y electrode 23. 
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As explained the above, the plasma display driving 
system in accordance with the first through the twelfth 
embodiments can drive the panel without using the full 
writing electric discharge and erasing discharge for all 
the cells for equalizing the electric charge particles . 

Still another embodiments of the present invention 
will be explained hereinafter. 

Fig. 28 illustrates driving system of a plasma dis- 
play panel in accordance with a fourteenth embodiment 
of the present invention. Fig. 28(a) is a time chart illus- 
trating an arrangement of sub-fields in the first sub-field. 
A horizontal axis illustrates time, and a vertical axis illus- 
trates lines of cells. Fig. 28(b)-Fig. 28(g) are wave-forms 
illustrating pulse wave-forms supplied to a common X 
electrode, address A electrode and four independent Y 
electrode respectively. In the figure, reference numeral 
201 denotes a field, reference numerals 202-203 
denote sub-fields, reference numeral 202a-209a denote 
address periods, reference numeral 202b-209b denote 
sustaining periods, reference numeral 210-213 denote 
field blocks, reference numeral 210a-213a denote full 
writing periods. A wave-form 220 is a driving wave-form 
supplied to the common X electrode. A wave-form 221 
is a driving wave-form supplied to the address A elec- 
trode 29, wave-forms 222-225 are driving wave-forms 
supplied to a first a second, a third and a fourth elec- 
trodes of the independent Y electrodes 23. 

In Fig. 28(a), one field period 201 is divided into 
eight sub-fields 202-209, one field block is arranged by 
two successive sub-fields, therefore one field period 
201 is constructed by four field blocks. 

In each field block, the full writing periods 210a, 
21 1a, 212a and 213a which are arranged first period of 
sub-fields are provided in each first sub-field 202, 204, 
206 and 208 of the field blocks 210-213, and following 
the writing period 210a-213a, the address period 202a, 
204a, 206a and 208a and sustaining period 202b, 204b, 
206b and 208b are provided. In the second sub-fields 
203, 205, 207 and 209 which follow the f irst sub-fields 
202-208, the address period 203a, 305a, 207a and 
209a are provided first, and then the sustaining period 
203b. 205b, 207b and 209b are provided. 

The numbers of light emitting are allotted for each 
sustaining period 202b-209b, and display graduations 
are effected by the combinations of the numbers of the 
light emitting. The numbers of light emitting and the 
order of the sub-fields are optional. In the embodiment, 
the numbers of light emitting of the sustaining periods 
202b, 204b. 206b, 208b, 203b, 205b, 207b and 209b are 
arranged in this order from few numbers. The sustaining 
period 202b. 204b. 206b and 208b just before the sub- 
fields 203, 205, 207 and 209 in which the full writing 
erase period are not provided have fewer numbers of 
light emitting. 

Fig. 28(b) illustrates the field block 210, and the 
other field blocks are constructed similarly. The driving 
wave-form 220 supplied to the common X electrode 22 
includes in the first sub-field 202 a full writing pulse 240 



and a polarizing pulse 241 in the first full writing erasing 
period 210a, a high pulse 242 in the succeeding 
address period 202a and sustaining pulses 243 and a 
electric charge particle control pulse 244 and a fine line 

5 erasing pulse 245 in the succeeding sustaining period 
202b, and further include in the succeeding sub-field a 
high pulse 246 and sustaining pulses 247. 

The voltage of the electric charge particle control 
pulse 244 and the fine line erasing pulse 245 is the 

10 same as or less than the voltage of the sustaining 
pulses 243. Next to the sustaining pulses 247 is the field 
block 211. The vottage of the full writing pulse 240 is 
stepped up a level. The voltage is usually determined 
about 300 volts, and the reason for stepping up a level 

is is to construct the circuit simply, therefore the stepping 
up the voltage of full writing pulse 240 is not always nec- 
essarily. 

The driving wave-form 221 supplied to the address 
A electrode 29 shown in Fig. 28(a) includes, in the first 
20 sub-field, plurality of the address pulses 248a. 248b, ~ 
which relates to the cells to be emitted in the address 
period 202a, and include, in the succeeding sub-field 
203, plurality of address pulses 249a, 249b,— in the 
address period 203a. 
25 Fig. 28(d)-28(g) are wave-forms 222.223,224 and 
225 supplied to four independent Y electrodes 23 
whose electrodes 23 are arranged side by side include, 
in the first sub-field 202, scan pulses 250a. 250b, 250c. 
250d,— in the address period 202a, Sustaining pulses 
30 251a, 251b. 251c, 251 d,— selection electric discharge 
pulses 252a, 252b, 252c, 252d— , fine line erasing 
pulses 253a, 253b, 253c, 263d,— in the sustaining 
period 222b and include, in the succeeding sub-field 
203, scan pulses 254a, 254b, 254c, 254d,-~. in the 
35 address period 203a, sustaining pulses 255a, 255b, 
255c, 255d,-- in the sustaining period 203b. 

The voltage of selection electric discharge pulses 
252a. 252b. 252c, 252d,— is almost the same as the 
voltage of the electric charge particle control pulse 244, 
40 and the electric charge particle control pulse 244 rises 
with time lag from the rising edge of the selection elec- 
tric discharge pulses 252a, 252b, 252c, 252d,~, and 
the delay time t1 is 0.1 jisec-1.5 usee. The electric 
charge particle control pulse 244 falls earlier than the 
45 selection electric discharge pulses 252a, 252b, 245c, 
252d,— . The time t2 is about 0.1 usec-1 .0 sec. The rea- 
son for setting the time lag from the rising edge of the 
election electric discharge pulses 252a-252d to the ris- 
ing edge of the electric charge particle control pulse 244 
so as above mentioned is that, if the time sets longer than 
that, a lot of negative electric charge particles gathers 
on the independent Y electrode 23, and a few negative 
electric charge particles gathers on the common X elec- 
trode 22. Further, the reason for rising the selection 
55 electric discharge pulses 252a-252d a little earlier than 
the electric charge particles control pulse 244 is to 
cause the electric discharge by the selection electric 
discharging between the common X electrode 22 and 



16 



31 



EP 0 836 171 A2 



32 



independent Y electrode 23. The reason for falling the 
electric charge particles 244 is to defends the electric 
charge between the common X electrode 22 and the 
independent Y electrode 23 when the selection electric 
discharge pulses 252a-252d falls. 

The selection electric discharge pulses 252a, 252b, 
252c, 252d,~ .the fine line erasing pulses 253a, 253b, 
253c, 253d,— and the electric discharge particle control 
pulse 244 are not provided in the succeeded sub-field 
203 of the field block 210 of Fig. 28(a). 

The sustaining pulses of the sub-field 203 termi- 
nate with the sustaining pulses 255a, 255b, 255c, 
255d,~ supplied to the independent Y electrodes 23. 

The same driving wave-forms are used in the other 
field blocks 211 -21 3, but the numbers of the sustaining 
pulses are different. The selection electric discharge 
pulses, the electric charge particle control pulse and the 
fine line erasing pulses are provided in the first sub-field 
204, 206, 208 of the field blocks 210-213. 

The function of the embodiment is explained with 
Fig. 29-Fig. 32. 

The electric discharges occur in all the cells by the 
full writing pulse 240 supplied to the common X elec- 
trode 22 in the field block 210 of Fig. 28(a)-Fig. 28(b) 
and the electric charge particles are formed. Under 
these circumstances, the negative electric charge parti- 
cles 61 are gathered on the address A electrode 29 
side. The electric discharge for polarization occurs by 
the polarization pulse 241 . and electric discharge parti- 
cles on the common X electrode 22 side and the inde- 
pendent Y electrode 23 side are polarized. 

The scan pulses 250a of the wave-form 222 are 
supplied to the first line of the independent Y electrode 
23 and at the same time, the address pulses 248a are 
supplied to the predetermined address A electrode 29 
in the succeeded address period 202a t thereby gener- 
ating full writing electric discharge and forming the elec- 
tric charge particles in the cell positioned at the cross 
point of first line of the independent Y electrode 23 and 
the address A electrode 29, and the positive electric 
charge particles are gathered on the independent Y 
electrode 23 side in the cell. 

In a similar way, when the scan pulses 250c of the 
driving wave-form 224 are supplied to the third inde- 
pendent Y electrode 23 and the address pule 248b is 
supplied to predetermine address A electrode 29, 
thereby generating full writing electric discharge and 
forming the electric charge particles in the cell posi- 
tioned at the cross point of the third line of the independ- 
ent Y electrode 23 and the address A electrode 29, and 
the positive electric charge particles 60 are gathered on 
the independent Y electrode 23 side in the cell. 

The address pulses which correspond to the scan 
pulses 250b, 250d of the driving wave-form 223, 225 
supplied to the second and the fourth independent Y 
electrode 23 are not supplied when the predetermined 
cells are not emitted, therefore, writing electric dis- 
charges do not occur and electric charge particle is not 



formed on the independent Y electrode 23 side. 

The sustaining discharge or light emitting discharge 
in the sustaining period 202b occurs by the sustaining 
pulses 234 of the driving wave-form 220 and the sus- 

5 taining pulses 251a, 251b, 251c, 251d,~ , of the driving 
wave-forms 222, 223, 224, 225 in the cell in which the 
positive electric charge particles are gathered on the 
independent Y electrode 23 side. 

The optional or selecting electric discharges occur 

w by the selection electric discharge pulses 252a, 252b, 
252c and 252d in the cell in which the sufficient electric 
charge particles are formed by the electric discharge for 
light emitting. The positive electric discharge particles 
60 are gathered on the address A electrode 29 side by 

75 supplying electric charge particle control pulse 244 to 
the common X electrode 22 before the electric dis- 
charges by the selection electric discharge pulses 252a, 
252b, 252c, 252d,~, cease. 

After that, the erasing electric discharge is caused 

20 by the fine line erasing pulse 245 of the wave-form 220 
supplied to the common X electrode 22 and the fine line 
erasing pulses 253a, 253b, 253c, 253d,—, of the wave- 
form 222 supplied to the independent Y electrode 23, 
and the electric charge particles on the common X elec- 

25. trode 22 side and on the independent Y electrode 23 
side are mainly erased. Thereby, the condition of the 
electric charge particles in alt cells in which the electric 
discharges are caused is almost same as the condition 
of the electric charge particles after the full writing eras- 

30 ing period 2 1 0a is finished. 

On the other hand, the writing electric discharges or 
the address electric discharges are not caused in the 
cells in which the electric discharges for light emitting 
are not caused and the condition of electric charge par- 

35 tides are the same condition after the full writing erasing 
period 210a is finished. 

As explained above, the electric charge particles in 
all cells at a point of time after the final erasing pulses 
245, 253a, 253b, 253c. 253d.—. are supplied in the first 

40 sub-field 202 can be made the same condition after the 
full writing erasing period 21 0a is finished. By this, in the 
succeeding sub-field, address electric discharges in all 
the cell can be caused without providing a full writing 
erasing period. 

45 The same functions are repeated in the field blocks 
21 1-213, and a screen of one field is constructed. 

Fig. 29-Fig. 32 are sectional views of plasma dis- 
play panel illustrating a condition of the electric charge 
particles in a cell in which a sustaining discharge is per- 

50 formed. Referring now to the drawing, wherein like 
numerals are utilized to designate like parts throughout 
the several views, reference numeral 60 denotes a pos- 
itive electric charge particles and reference numeral 61 
denotes negative electric charge particles. The condi- 

55 tion of the electric charge particles in the drawings is 
illustrated in a center cell of three cells. 

Fig. 29 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a cell 
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after supplying sustaining pulses is illustrated in accord- 
ance with a embodiment shown in Fig. 28(a)-28(e) of 
the present invention. The negative electric charge par- 
ticles 61 are gathered on the dielectric layer 26 of the 
common X electrode 22 side and the positive electric 5 
charge particles 60 are gathered on the dielectric layer 
26 of the independent Y electrode 23 side after a final 
pulse of the sustaining pulses 243 is supplied to the 
common X electrode 22. 

Fig. 30 is a sectional view of a plasma display panel 10 
in which a condition of electric charge particles in a cell 
during discharging by a selection electric discharge 
pulse is illustrated in accordance with the embodiment 
shown in Fig. 28(a)-28(e) of the present invention. Elec- 
tric discharges are caused by the voltage of the selec- is 
tion electric discharge pulses 252a, 252b, 252c. 252d,~ 
- and the voltage of positive electric charge particles 
gathered on the dielectric layer at the independent Y 
electrode 23 and caused between the independent Y 
electrode 23 and the common X electrode 22 when 20 
selection electric discharge pulses 252a, 252b, 252c, 
252d, — , are supplied to the independent Y electrode. 
Thereby many positive and negative electric charge 
particles are generated in the discharging space. 

Fig. 31 is a sectional view of a plasma display panel 25 
in which a condition of electric charge particles in a cell 
when electric charge particle control pulse is supplied is 
illustrated in accordance with the embodiment shown in 
Fig. 28(a)-28(e) of the present invention. The positive 
electric charge particles are gathered on the address A 30 
electrode 29 when the electric charge particle control 
pulse 244 is supplied to the common X electrode 22 
because the voltages of the common X electrode 22 
and the independent Y electrode 23 are almost same 
and the voltages are higher than the voltage of address 35 
A electrode 29. Erasing of electric charge particles by 
erase pulse are still needed because there still remains 
electric charge particles on the common X electrode 22 
side, on the independent Y electrode 23 side and in the 
discharging space which are not neutralized and not 40 
erased. 

Fig. 32 is a sectional view of a plasma display panel 
in which a condition of electric charge particles in a cell 
after supplying a fine line erasing pulse is illustrated in 
accordance with the embodiment shown in Fig. 28(a)- 45 
28(e) of the present invention. The positive electric 
charge particles 60 are gathered on the address A elec- 
trode 29 side and the negative electric charge particles 
61 are gathered on the common X electrode 22 side 
and the independent Y electrode 23 side. The condition si 
of electric charge particles is the same after the full writ- 
ing erase period 210a is finished. 

A condition of electric charge particles after the full 
writing erasing period 210a is finished is maintained in 
the sustaining period 202b because the address electric si 
discharges are not performed in the cells in which no 
sustaining electric discharge is performed. Also, any 
electric discharge is not performed by the selection 



electric discharge pulses 252a. 252b, 252c, 252d,~ f 
and there is no change in the condition of electric 
charge particles even if electric charge particle control 
pulse 244 and erasing pulse are supplied. Therefore, 
the condition of electric charge particles in all cells is 
almost same as the condition after the full writing eras- 
ing period 210a and the address electric discharge or a 
writing electric discharge is caused in next sub-field 
203, thereby increasing the contrast by double. 

By increasing the voltage of the address pulses 
249a and 249b in the sub-field 203, 205, 207. 209 in 
which the full writing erasing period is not arranged, 
comparing with the voltage of the address pulses 249a 
and 249b in the other sub-field 202, 204, 206 and 208, 
the address electric discharges are caused surely even 
in the cell in which sustaining electric discharges are not 
performed, because the positive electric charge parti- 
cles 60 on the address A electrode 29 side are reduced 
gradually by neutralization. 

Fig. 33 is a time chart of sub-fields illustrating a 
driving system in accordance with a third embodiment 
of the present invention. Referring to the drawing, a hor- 
izontal axis illustrates time, and a vertical axis illustrates 
lines of cells. Reference numeral 270 denotes one field 
period, 271-276 denote sub-fields, 271a-276a denote 
address periods, 271b-276b denote sustaining periods. 
277 and 278 denote field blocks. 277a and 278a denote 
full writing erasing periods. 

One field period 270 is divided into six sub-fields 
271-276, and consecutive first three sub-fields 271-273 
construct the field block 277 and succeeding consecu- 
tive three sub-fields 274-276 construct the other field 
block 278. 

In the first period of these field blocks 277 and 278, 
the full writing erasing period 277a and 278a are 
arranged. In each sub-field 217-276, the address period 
271a-276a and the sustaining period 271b-276b are 
arranged but the full writing erasing period 277a and 
278a are not provided. That is, the full writing erasing 
period 277a and 278a are arranged at the first part of 
the first sub-fields 271 and 274 of the field blocks 277 
and 278. The numbers of the light emitting are allotted 
for the sustaining period 271b-276b, and gradations of 
display are performed by the combining of the numbers 
of the light emitting. According to the fifteenth embodi- 
ment, the numbers of the fight emitting are increased in 
order of the sub-fields 271, 272, 273. 

The selection electric discharge pulse 252a-252d, 
the electric charge particle control pulse 244 and fin line 
erasing pulse 245, 253a-253b which are used in the 
fourteenth embodiment are provided in the first two sub- 
fields 271 , 272, 274, 275 of each field blocks 277 and 
278, and these pulses are not provided in the other(last) 
sub-field. Further, these selection electric discharge 
pulses, electric charge particle control pulse and fine 
line erasing pulses are arranged in the last part of the 
sustaining period 271b, 272b. 274b and 275b, thereby 
the condition of electric charge particles in all cells after 



18 



35 



EP 0 836 171 A2 



36 



sustaining period 271b, 272b, 274b and 275b are fin- 
ished is maintained the same condition after the full 
writing erasing period 277a is finished, so the full writing 
erasing period 210a is deleted in the sub-fields 272, 

273, 275 and 276 other than the first sub-fields 271 and 

274, and the address electric discharges are performed 
in the address period 272a, 273a, 275a and 276a with- 
out supplying the selection electric cfischarge pulses 
252a-252d and electric charge particle control pulse 
244 in the last sub-field. Therefore, the contrast is multi- 
plied by three. 

Fig. 34 is a time chart of sub-fields illustrating a 
driving system in accordance with a fifteenth embodi- 
ment of the present invention. Referring to the drawing, 
a horizontal axis illustrates time, and a vertical axis illus- 
trates lines of cells. Reference numeral 280 denotes 
one field period, 281-286 denote sub-fields, 281a-288a 
denote address periods, 281b-288b denote sustaining 
periods, 289 and 290 denote field blocks, 289a and 
290a denote full writing erasing periods. 

One field period 280 is divided into eight sub-fields 
281-288, and consecutive first four sub-fields 281-284 
construct the field block 289 and succeeding consecu- 
tive four sub-fields 285-288 construct the other field 
block 290- 

The first period of these field blocks 289 and 290 
include the full writing erasing period 289a and 290a, 
and the address period 281a-288a and the sustaining 
period 281b-288b are arranged in each sub-field 281- 
288. That is, the full writing erasing period 289a and 
290a are arranged at the first part of the first sub-fields 
281 and 285 of the field blocks 289 and 290. The num- 
bers of the light emitting are allotted for the sustaining 
periods 281b-288b, and gradations of display are per- 
formed by the combining the numbers of the light emit- 
ting. According to the sixteenth embodiment, the 
numbers of the light emitting are increased in order of 
the sub-fields 281, 282, 283,—. 

The selection electric discharge pulse 252a-252d, 
the electric charge particle control pulse 244 and fin line 
erasing pulse 245, 253a-253b which are used in the 
fourteenth embodiment are provided in the sustaining 
period 281b, 282b, 283b, 285b, 286b and 287b of the 
first three sub-fields 281 , 282, 284, 285, 286 and 287 in 
each field blocks 287 and 290, and these pulses are not 
provided in the other(last) sub-field. 

The condition of electric charge particles in all cells 
after sustaining period 281b, 282b and 283b of the sub- 
fields 281 , 282 and 283 in the field block 289 and sus- 
taining periods 285b, 286b and 287b of the sub-fields 
285, 286 and 287 in the field block 290 are finished is 
maintained the same condition after the full writing eras- 
ing period 289a is finished, so the full writing erasing 
periods 210a are deleted in the three sub-fields 282, 
283. 284, 286. 287 and 288 other than the first sub- 
fields 281 and 285, and the address electric discharges 
are performed in the address period 282a, 273a, 284a, 
286a, 287a and 288a without supplying the selection 



electric discharge pulses 252a-252d and electric 
charge particle control pulse 244 in the last sub-field. 
Therefore, the contrast is multiplied by four. 

Fig. 35 is a time chart of sub-fields illustrating a 

5 driving system in accordance with a seventeenth 
embodiment of the present invention. Referring to the 
drawing, a horizontal axis illustrates time, and a vertical 
axis illustrates lines of cells. Reference numeral 300 
denotes one field period, 301-308 denote sub-fields, 

10 301a-308a denote address periods, 301b-308b denote 
sustaining periods, 309 denote field blocks, 309 denote 
a full writing erasing period. 

One field period 300 is divided into eight sub-fields 
301-308, and the field block 309 is constructed by all 

15 sub-fields 301-308 in the one field. The first period of 
these field blocks 309 includes the full writing erasing 
period 309a. The address period 301 a-308a and the fol- 
lowing sustaining period 301b-308b are arranged in 
each sub-field 301-308. That is, the full writing erasing 

20 period 309a are arranged at the first part of the first sub- 
fields 302. The numbers of the light emitting are allotted 
for the sustaining period 301b-308b and gradations of 
display are performed by the combining the numbers of 
the fight emitting. 

25 The selection electric discharge pulses 252a-252d, 
the electric charge particle control pulses 244 and fin 
line erasing pulses 245. 253a-253b which are used in 
the fourteenth embodiment are provided in the sustain- 
ing periods 301b-307b of the first seven sub-fields 301 - 

30 307, and the full writing erasing period 309a is arranged 
only in the first sub-field 301. The address electric dis- 
charges in these address periods 302a-308a are possi- 
ble, even if the full writing erasing periods 309a in the 
sub-fields 302-308 which follow the first sub-field 301 is 

35 deleted. Thereby the contrast is multiplied by eight. 

According to these embodiments, by deleting full 
writing erasing period in some sub-field, the contrast is 
improved. The practical contrast of cathode ray tube 
display is , for example, 1 50:1 , and in the plasma display 

40 according to the embodiments shown in Fig. 33 or Fig. 
34, corresponding contrast is accomplished. 

The numbers of sub-fields in one field and the num- 
bers of the sub-fields in one field block are optional and 
not limited above mentioned embodiments, and any 

45 combination will be applicable. 

According to the present invention, full writing elec- 
tric discharge and erasing electric discharge are 
deleted or reduced, thereby improving the contrast of 
the display. 

so According to the present invention, full writing eras- 
ing period can be arranged one time per several sub- 
fields, thereby improving the contrast 

While we have shown and described several 
embodiments in accordance with the present invention, 

55 it is understood that the same is not limited thereto but 
is susceptible of numerous changes and modifications 
as known to those skilled in the art, and we therefore do 
not wish to be limited to the details shown and 



19 



37 



EP 0 836 171 A2 



38 



described herein but intend to cover all such change 
and modifications as are encompassed by the scope of 
the appended claims. 

Claims 

1 . A plasma display panel driving system for a display 
panel having a first electrode group arranged on a 
permeable substrate and being capable of driving 
in common, a second electrode group arranged in 
parallel with said first electrode group on said per- 
meable substrate and being capable of driving 
independently, a third electrode group arranged 
perpendicular to said first and second electrode 
groups on another substrate and being capable of 
driving independently, said driving system compris- 
ing the step of performing at least one electric dis- 
charge for equalizing of electric charge particle in a 
cell in which another electric charge particle is 
caused beforehand. 

2. A plasma display panel driving apparatus compris- 
ing: 

a first electrode group arranged on a permea- 
ble substrate and being capable of driving in 
common; 

a second electrode group arranged in parallel 
with said first electrode group on said permea- 
ble substrate and being capable of driving inde- 
pendently; 

a third electrode group arranged perpendicular 
to said first and second electrode groups on 
another substrate and being capable of driving 
independently; 

and means for performing at least one electric 
discharge for equalizing of electric charge par- 
ticle in a cell in which another electric charge 
particles is caused beforehand. 

3. A plasma display comprising: 

a first electrode group arranged on a permea- 
ble substrate and being capable of driving in 
common; a second electrode group arranged 
in parallel 

with said first electrode group on said permea- 
ble substrate and being capable of driving inde- 
pendently; 

a third electrode group arranged perpendicular 
to said first and second electrode groups on 
another substrate and being capable of driving 
independently; 

and means for performing at least one electric 
ischarge for equalizing of electric charge parti- 
cles in a cell in which another electric charge 
particles is caused beforehand, whereby 
improving linearity of display gradation. 



4. A plasma display panel driving system for a display 
panel having a first electrode group arranged on a 
permeable substrate and being capable of driving 
in common, a second electrode group arranged in 
parallel with said first electrode group on said per- 
meable substrate and being capable of driving 
independently, a third electrode group arranged 
perpendicular to said first and second electrode 
groups on another substrate and being capable of 

o driving independently, a equalizing means for 
equalizing electric charge particles in all cells by a 
discharge between said first and said second elec- 
trode group, an address electric discharge means 
for determining a cell to be emitted by a discharge 

f5 between said second and said third electrode 
groups, and a sustaining electric discharge means 
for performing light emitting by a electric discharge 
between said first and said second electrode 
groups, said driving system comprising the step of 

?£ > performing discharge by a fine line erasing pulse 
supplied after a sustaining electric discharge is f in- 
ched and erasing and polarizing of electric charge 
particles in a cell in which sustaining electric dis- 
charge is performed, the step of gathering said 

?s electric charge particles in all cells by way of said, 
electric discharge caused by the fine line erasing 
pulse, and canceling the voltage of a equalizing 
pulse supplied to one of said first and said second 
electrode groups by said electric charge particles 

30 resulting in no discharge, the step of polarizing said 
electric charge particles into a positive electric 
charge particles and a negative electric charge par- 
ticles, the step of supplying a regulating pulse to the 
other electrode groups of said first and said second 

35 electrode groups after supplying said equalizing 
pulse to one of said first and said second electrode 
groups for gathering the same electric charge parti- 
cles gathered on said one of electrode groups sup- 
plied with said equalizing pulse, and the step of 

40 gathering a electric charge particles having the 
other polarity on said third electrode group 

5. A plasma display panel driving system for a display 
panel having a first electrode group arranged on a 

45 first substrate and being capable of driving in com- 
mon, a second electrode group arranged in parallel 
with said first electrode group on said first substrate 
and being capable of driving independently, a third 
electrode group arranged perpendicular to said first 

so and second electrode groups on a second sub- 
strate and being capable of driving independent? >, 
said driving system comprising the step of perform- 
ing a sustaining electric discharge by supplying a 
sustaining pulse to said first and said second elec- 

55 trode groups, the step of polarizing electric charge 
particles in a cell by supplying a fine line erasing 
pulse to one of said f irst and said second electrode 
groups, the step of gathering electric charge parti- 
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cles having one of the polarities in vicinity of said 
first and said second electrode groups and gather- 
ing said electric charge particles having the other 
polarity in the vicinity of said third electrode group 
by supplying a equalizing pulse to said one of elec- 
trode groups and supplying a regulating pulse rising 
later than said equalizing pulse to the other elec- 
trode group of said first and said second electrode 
groups without performing electric discharge. 

6. A plasma panel display driving system according to 
the claim 4 or 5, further comprising the step of per- 
forming a electric discharge between said first elec- 
trode group and said second electrode group by 
supplying said equalizing pulse to said one of the 
electrode groups after supplying a power, and gath- 
ering electric charge particles having one of the 
polarities in the vicinity of said first and said second 
electrode groups and gathering electric charge par- 
ticles having the other polarity in the vicinity of said 
third electrode group by supplying said regulating 
pulse after said equalizing pulse is supplied. 

7. A plasma display panel driving system according to 
claim 4 or 5, further comprising the step of perform- 
ing a address electric discharge between said sec- 
ond electrode group and said third electric group 
.after gathering electric charge particles having one 
of the polarities in the vicinity of the said first and 
said second electrode groups and gathering elec- 
tric charge particles having the other polarity in the 
vicinity of said third electrode group, and performing 
sustaining electric discharge. 

8. A plasma display panel driving system according to 
claim 4 or 5, further comprising the step of supply- 
ing said regulating pulse to said other electrode 
group within 0.3 fisec-2 jisec after supplying said 
equalizing pulse to said one of said electrode 
groups. 

9. A plasma display panel driving system according to 
claim 4 or 5, further comprising the step of arrang- 
ing several fine line erasing pulses having a first 
fine line erasing pulse whose pulse width is within 
0.5 nsec-2 usee and having at least a second fine 
line erasing pulse whose pulse width is equal to or 
less than the pulse width of said first pulse width for 
performing erasing and polarization of said electric 
charge particle. 

1 0. A plasma display panel driving system according to 
claim 4 or 8 further, comprising the step of supply- 
ing said equalizing pulse to said second electrode 
group, and maintaining supply of said regulating 
pulse to said first electrode group until deciding 
cells to be emitted for gathering electric charge par- 
ticles predetermined electrode group. 



1 1 . A plasma display panel driving system according to 
claim 4. 5 of 1 0, further comprising the step of divid- 
ing said regulating pulse into a first pulse for equal- 
izing electric charge particles in all cells and a 

5 second regulating pulse supplied during a period 

for deciding cells to be emitted. 

12. A plasma display panel driving system according to 
claim 4 or 5, further comprising the step of selecting 

10 the voltage of said regulating pulse substantially 
equal to the voltage of said sustaining pulse for per- 
forming display electric discharge. 

13. A plasma display panel driving system according to 
is claim 13, further comprising the step of falling the 

edge of said equalizing pulse after falling the edge 
of said first regulating pulse, and falling said edge of 
said equalizing pulse within 1 usee. 

20 14. A plasma display panel driving system according to 
claim 4 or 5, further comprising the step of perform- 
ing a discharge in all cells by supplying full electric 
discharge pulse to one of said first and said second 
electrode groups one or several times per one field 

25 or several fields after performing sustaining dis- 
charge, and then supplying said fine line erasing 
pulse for performing a discharge in said all cells for 
erasing electric charge particles so as to gather 
positive electric charge particles in the vicinity of 

30 said first and said second electrode groups. 

15. A plasma display panel driving system according to 
claim 4 or 5, further comprising the step of supply- 
ing plurality of fine line erasing pulses to said first 

35 and second electrode groups alternatively and 
shortening the pulse width of said fine line erasing 
pulses which supplied afterward, and supplying the 
last fine line erasing pulse to said one of electrode 
group. 

40 

16. A plasma display panel driving system according to 
claim 4, 5 or 8, further comprising the step of sup- 
plying said equalizing pulse to one of electrode 
group, and falling the edge of said equalizing pulse 

45 in a time more than 1 |isec. 

17. A plasma display panel driving circuit comprising: 

a first electrode group arranged on a first sub- 
50 strate and driven in common; 

a second electrode group arranged parallel to 

said first electrode group on said first substrate 

and controlled independently; 

a third electrode group arranged perpendicular 
55 to said first and second electrode groups on a 

second substrate provided faced on said first 

substrate and controlled independently; 

a first driving circuit connected to said first elec- 
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trode group for supplying a first driving pulse; 
a second driving circuit connected to said sec- 
ond electrode group for supplying a second 
driving pulse; 

a third driving circuit connected to said third s 
electrode group for supplying an address driv- 
ing pulse; 

means for supplying a fine line erasing pulse to 
one of the electrode group of said first and sec- 
ond electrode groups from said driving circuit 10 
connected to said one of the electrode group 
after sustaining discharging; 
means for supplying a equalizing pulse to said 
one of the electrode group from said driving cir- 
cuit connected to said one of the electrode 15 
group; 

means for supplying a regulating pulse delay- 
ing a bit from rising edge of said equalizing 
pulse to the other electrode group of said first 
and said second electrode groups from said 20 
driving circuit connected said other electrode 
group, and for gathering electric charge parti- 
cles having one of the polarities in the vicinity of 
said first and said second electrode groups and 
for gathering electric charge particles having 25 
the other polarity in the vicinity of said third 
electrode group. 

18. A plasma display panel driving circuit according to 
claim 17, further comprising means for supplying 
said regulating pulse to said other electrode group 
within 0.3 nsec-2 jisec after supplying said equaliz- 
ing pulse to said one of said electrode groups. 

19. A plasma display panel driving circuit according to 
claim 17 or 18, further comprising means for gener- 
ating plurality of fine line erasing pulses from said 
first and said second driving circuits and selecting 
pulse width of a first fine line erasing pulse within 
0.5 iisec-2 yisec and selecting pulse width of a sec- 
ond fine line erasing pulse equal to or shorter than 
said first fine line erasing pulse. 

20. A plasma display panel driving circuit according to 
claim 17, 18 or 19, further comprising means for 
supplying from said second driving circuit said 
equalizing pulse to said second electrode group 
and for supplying said regulating pulse from said 
first driving circuit to said first electrode group dur- 
ing addressing cells to be emitted. 

21. A plasma display panel driving circuit according to 
claim 17, 18 or 19, further comprising means for 
generating a first and a second regulating pulses 
from said driving circuit connected to said one of 
electrode group. 

22. A plasma display panel driving circuit according to 



claim 17, further comprising means for selecting 
the voltage of said regulating pulse substantially 
identical with the voltage of said sustaining pulse. 

23. A plasma display panel driving circuit according to 
claim 17, 18 or 20, further comprising means for 
falling the edge of said equalizing pulse after lapse 
of time more than 1 usee by said driving circuit con- 
nected to said one of electrode. 

24. A plasma display panel driving circuit according to 
claim 17, further comprising means for supplying 
after performing sustaining discharge a full writing 
electric discharge pulse one time or several times 
per one field or several fields generated from one of 
driving circuit of said first and said second driving 
circuit which is connected to said one of electrode 
group. 

25. A plasma display panel driving circuit according to 
claim 21 , further comprising means for falling the 
edge of said equalizing pulse after falling the edge 
of said first regulating pulse, and falling said edge of 
said equalizing pulse within 1 fisec. 

26. A plasma display comprising : 



a first electrode group arranged on a first sub- 
strate and driven in common; 
30 a second electrode group arranged parallel to 

said first electrode group on said first substrate 
and controlled independently; 
a third electrode group arranged perpendicular 
to said first and second electrode groups on a 
35 second substrate provided faced on said first 

substrate and controlled independently; 
cells constructed at the cross point of said first 
and said second and said third electrode 
group; 

40 means for performing a electric discharge for 

erasing and polarizing electric charge particles 
in celis performed a sustaining discharging dur- 
ing a period after sustaining discharging and 
just before the beginning of an address period; 
45 means for equalizing of electric charge particle 

in all cells by said discharge for erasing and 
polarizing. 

27. A plasma display comprising: 

so 

a first electrode group arranged on a first sub- 
strate and driven in common; 
a second electrode group arranged parallel to 
said first electrode group on said first substrate 
55 and controlled independently; 

a third electrode group arranged perpendicular 
to said first and second electrode groups on a 
second substrate provided faced on said first 
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substrate and controlled independently; 
cells constructed at the cross point of said first 
and said second and said third electrode 
group; 

means for performing a discharge by a fine line 
erasing pulse supplied to one of the electrode 
of said first and said second electrode group 
after a sustaining discharge and for erasing 
and polarizing electric charge particles in cells 
generated by said sustaining discharge; 
means for gathering electric charge particles 
having one of polarities in the vicinity of said 
first and said second electrode groups and for 
gathering electric charge particles having the 
other one of the polarities in the vicinity of said 
third electrode group by supplying a equalizing 
pulse to said one of electrodes and by supply- 
ing a regulating pulse to the other electrode of 
said first and said second electrode groups so 
as to be able to discharge for addressing which 
determines light emitting cells by said third 
electrode group. 

28: A plasma display according to claim 27, further 
comprising means for supplying said regulating 
pulse to said other electrode within 0.3 nsec-2 usee 
after supplying said equalizing pulse to said one of 
said electrode groups for collecting electric charge 
particles having one of polarities in the vicinity of 
said first and said second electrode group and elec- 
tric charge particles having the other one of polari- 
ties in the vicinity of said third electrode group. 

29. A plasma display according to claim 27, further 
comprising a first driving circuit connected to said 
first electrode group, a second driving circuit con- 
nected to said second electrode group, means for 
generating plurality of said fine line erasing pulses 
including a first fine line erasing pulse having pulse 
width within 0.5 jisec-2 *isec and a second fine line 
erasing pulse having pulse width equal to or less 
than said second fine line erasing pulse, and 
means for erasing and polarizing electric charge 
particles by supplying last pulse of said fine line 
erasing pulses to said one of said first and second 
electrode groups. 

30. A plasma display according to claim 27, further 
comprising means for supplying from said second 
driving circuit said equalizing pulse to said second 
electrode group and for maintaining supply of said 
regulating pulse supplied from said first driving cir- 
cuit to said first electrode group during addressing 
cells to be emitted. 

31. A plasma display according to claim 27, further 
comprising means for generating from one of said 
first driving circuit connected said first electrode 



group and said second driving circuit connected to 
said second electrode group a first and a second 
regulating pulses. 

s 32. A plasma display according to claim 27, further 
comprising a first driving circuit connected to said 
first electrode group, a second driving circuit con- 
nected to said second electrode group, and means 
for selecting the voltage of said regulating pulse 

10 substantially identical with the voltage of said sus- 
taining pulse by means of one of driving circuit of 
said first and said second driving circuits. 

33. A plasma display according to daim 27, further 
15 comprising a driving circuit connected one of said 

first and said second electrode groups, and means 
for falling the edge of said equalizing pulse after 
lapse of time more than 1 usee by said driving cir- 
cuit connected to said one of electrode group. 

20 

34. A plasma display according to claim 27, further 
comprising a first driving circuit connected to said 
first electrode group, a second driving circuit con- 
nected to said second electrode group, and means 

25 for generating a full writing pulse one time or sev- 
eral times per one field or several fields from one of 
driving circuit of said first and said second driving 
circuit and for performing a discharge in all cells 
after sustaining discharge is finished. 

30 

35. A plasma display panel driving system comprising 
the step of dividing one field into several sub-fields 
and providing an address period for setting cells to 
be emitted and a sustaining period for light emitting, 

35 and the step of constructing field block by plurality 
of sub-fields and arranging full writing electric dis- 
charge and full erasing electric discharge in a first 
sub-field of said field block. 

40 36. A plasma display panel driving system according to 
claim 35, further comprising the step of performing 
discharge in selected cells in which light emitting is 
performed by said sustaining electric discharge in 
said sub-fields of said sub-field block except the last 

45 sub-field of said sub-field thereby keeping the con- 
dition of electric charge particles almost same con- 
dition after performing full writing electric discharge 
and full erasing electric discharge. 

so 37. A plasma display panel driving system according to 
claim 35 or 36, wherein said plasma display pane 
having a first electrode group covered with a dielec- 
tric layer and arranged on a first glass substrate and 
driven in common, a second electrode group cov- 

55 ered with a dielectric layer arranged parallel to said 
first electrode group on said first glass substrate 
and controlled independently, a third electrode 
group covered with a dielectric layer and arranged 
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perpendicular to said first and said second elec- 
trode groups on a second glass substrate provided 
faced on said first substrate and controlled inde- 
pendently, and said driving system comprising the 
step of performing discharge in selected cells in 
which light emitting is performed by said sustaining 
electric discharge in said sub-fields of said sub-field 
block except the last sub-field of said sub-field, 
thereby gathering positive electric charge particles 
on said dielectric layer covering said third electrode 
group and gathering negative electric charge parti- 
cles on said dielectric layer covering said first and 
said second electrode group lor leaving condition of 
electric charge particle unchanged without selec- 
tion electric discharge. 

38. A plasma display panel driving system according to 
claim 37, further comprising the step of performing 
said address electric discharge for determining 
cells to be emitted by discharging between said first 
and said second electrode groups and performing 
said sustaining discharge between said first and 
second electrode groups, and the step of supplying 
after supplying said last sustaining pulse to said 
first and said second electrode groups in all sub- 
fields of each sub-field block except each last sub- 
field a first pulse having almost the same voltage as 
the. voltage of said sustaining pulse to one of elec- 
trode group of said first and second electrode 
groups to which the last sustaining pulse is not sup- 
plied and performing electric discharge in said cell 
in which said sustaining electric discharge has per- 
formed, and the step of arranging a second pulse 
rising after 0.3 psec-1.5 usee from the rising edge 
of said first pulse and supplying said second pulse 
to the other electrode group of said first and said 
second electrode groups to which sad first pulse is 
not supplied, and providing plurality of fine line 
erasing pulses after supplying said first and said 
second pulses for erasing electric charge particles 
in the vicinity of said first and second electrode 
groups. 

39. A plasma display panel driving system according to 
claim 38, wherein the voltage of said first and said 
second pulses and said fine line erasing pulse sup- 
plied after the supply of said sustaining pulse hav- 
ing a voltage the same as the sustaining voltage 
selected so as to cause sustaining electric dis- 
charge in cells performed said address electric dis- 
charge and to cause no sustaining electric 
discharge in cells in which no electric discharge is 
not performed. 

40. A plasma display panel driving system according to 
claim 38 or 39, wherein further comprising a first 
address pulse supplied to cells in which no full writ- 
ing electric discharge and no full erasing electric 



discharge are not performed, and said first address 
pulse having a voltage higher than a voltage of a 
second address voltage supplied to the other cells 
in which said full writing electric discharge and said 
5 full erasing electric discharge are performed. 

41 . A plasma display comprising: 

a first electrode group arranged on a first sub- 

10 strate and driven in common; 

a second electrode group arranged parallel to 
said first electrode group on said first substrate 
and controlled independently; 
a third electrode group arranged perpendicular 

15 to said first and second electrode groups on a 

second substrate provided faced on said first 
substrate and controlled independently; 
a field block constructed from plurality of sub- 
fields; 

20 means for performing a full writing electric dis- 

charge between said first and said second 
electrode groups in a first field of said field 
block; 

means for performing a electric discharge by 

25 supplying a selection electric discharge pulse 

to one of the electrode group of said first and 
said second electrode groups in said sub-fields 
of each field block except each last sub-field in 
ceils in which light emitting is performed by a 

30 sustaining discharge; 

means for gathering electric charge particles 
having one of polarities in the vicinity of said 
first and second electrode groups and gather- 
ing electric charge particles having the other 

35 polarity in the vicinity of said third electrode 

groups by supplying said selection electric dis- 
charge pulse to said one of electrode group 
and by supplying a electric charge particle con- 
trol pulse to the other one of said first and sec- 

40 ond electrode groups; 

means for performing no selection electric dis- 
charge in cells in which light emitting is not per- 
formed by said sustaining electric discharge. 

45 42. A plasma display according to claim 41, further 
comprising means for supplying a sustaining pulse 
to said first and said second electrode groups and 
means for supplying the last sustaining pulse to 
said other electrode group. 

50 

43. A plasma display according to claim 41, wherein 
the rising edge of said electric charge particle con- 
trol pulse having time lag of 0.3 nsec-1 .5 ^sec from 
rising edge of said selection electric discharge 

55 pulse. 

44. A plasma display according to claim 41, further 
comprising means for supplying said fine line eras- 
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ing pulse to said first and said second electrode 
group after selection electric discharge pulse is 
supplied. 
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(54) Plasma display, driving apparatus of plasma display panel and driving system thereof 

(57) A plasma display panel driving system having a 
common X electrode 22 arranged on a front glass sub- 
strate 21 driven in common, a independent Y electrode 
23 arranged parallel to the common X electrode 22 on 
the front glass substrate 21 driven independently, an 
address A electrode arranged perpendicular to the 
common X electrode and the independent Y electrode 
on the back glass substrate driven independently, and 
means for performing at least one electric discharge for 
equalizing of electric charge particle in a cell in which 
another electric charge particle is caused beforehand, 
thereby improving contrast 

Erasing and polarization of electric charge particles 
are performed by the fine line erasing pulse 46a after 
sustaining period 2c, and a equalizing pulse having a 
high voltage is supplied to the independent Y electrode 
to which the last fine line erasing pulse 46a or 86a is 
supplied, and a regulating pulse 40 is supplied to the 
common X electrode after supplying of the equalizing 
pulse. 

Further, a field bloc having plurality of sub-fields are 
provided, and a full writing electric discharge and a fine 
line erasing electric discharge are performed in the first 
sub-field of each field block for reducing the number of 
electric discharging. 
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